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R p|,ATpn APPLICATIONS 
This application is a continuation-in-part application of U.S. application serial no. 
08/584,03 1 filed January 9, 1996, the contents of which are incorporated herein by reference. 

FIElD OF THE INVENTION 
The present invention relates generally to the identification, isolation, and recombinant 
production of a novel cytokine, designated herein as M Apo-2 ligand". which induces mammalian cell apoptosis, 
to Apo-2 ligand antibodies and to methods of using such compositions. 

BACKGROUND OF THR INVENTION 
Control of cell numbers in mammals is believed to be determined, in part, by a balance 
between cell proliferation and cell death. One form of ceil death, sometimes referred to as necrotic cell death, 
is typically characterized as a pathologic form of cell death resulting from some trauma or cellular injury. In 
contrast, there is another, "physiologic- form of cell death which usually proceeds in an orderly or controlled 
manner. This orderly or controlled form of cell death is often referred to as -apoptosis* (see, e.g.* Ban* et al., 
15 pio/Technologv . J2:487-493 (1994)]. Apoptotic cell death naturally occurs in many physiological processes, 
including embryonic development and clonal selection in the immune system [Itoh et al., £eJL 66:233-243 
(1991)]. Decreased levels of apoptotic cell death, however, have been associated with a variety of pathological 
conditions, including cancer, lupus, and herpes virus infection [Thompson, Sc i ence, 262: 1 456-1462 (1 995)]. 

Apoptotic cell death is typically accompanied by one or more characteristic morphological 
20 and biochemical changes in cells, such as condensation of cytoplasm, loss of plasma membrane microvilli, 
segmentation of the nucleus, degradation of chromosomal DNA or loss of mitochondrial function. A variety 
of extrinsic and intrinsic signals are believed to trigger or induce such morphological and biochemical cellular 
changes [Raff, Nature. 2S6:397^00 (1992); Steller, Science, 262:1445-1449 (1995); Sachs et al., £iO0& S2:l 5 
(1993)]. For instance, they can be triggered by hormonal stimuli, such as glucocorticoid hormones for 
25 immature thymocytes, as well as withdrawal of certain growth factors [Watanabe-Fukunaga et aL, Natofi, 
25fi:3 14-3 1 7 (1992)]. Also, some identified oncogenes such as myc, rel t and El A, and tumor suppressors, like 
p5J, have been reported to have a role in inducing apoptosis. Certain chemotherapy drugs and some forms of 
radiation have likewise been observed to have apoptosis-inducing activity (Tliompson, supra]. 

Various molecules, such as tumor necrosis factor- a (TNF-a"), tumor necrosis factor- p 
30 CTNF-P" or "lyrnphotoxin"), CD30 ligand, CD27 ligand, CD40 ligand, OX-40 ligand, 4-1BB ligand, and 
Apo-1 ligand (also referred to as Fas ligand or CD95 ligand) have been identified as members of the tumor 
necrosis factor ( W TNF**) family of cytokines [See, e.g., Gruss and Dower, Blood, fii:3378-3404 (1995)]. 
Among these molecules, TNF-a, TNF-p, CD30 ligand, 4-1BB ligand, and Apo-l ligand have been reported 
to be involved in apoptotic cell death. Both TNF-a and TNF-P have been reported to induce apoptotic death 
35 in susceptible tumor cells [Schmid et al, Proc. NaU- Mri. Scj t , fil:188l (1986); Dealtry el al., ElILi 
lmjniuiol, 12:689 (1987)]. Zheng et al. have reported that TNF-a is involved in post-stimulation apoptosis 
of CD»-positive Tcells [Zheng et ah. Nature. 222:348-351 (1995)]. Other investigators have reported that 
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CD30 Hgand may be involved in deletion of self-reactive T cells in the thymus [Amakawa ct ah. Cold Spring 
Harbor Laboratory Symposium on Programmed Cell Death, Abstr. No. 10, (1995)]. 

Mutations in the mouse Fas/ Apo-1 receptor or ligand genes (called Ipr and gld t respectively) 
have been associated with some autoimmune disorders, indicating that Apo-I ligand may play a role in 

5 regulating the clonal deletion of self-reactive lymphocytes in the periphery [Krammer et aL, Curr. Op. 
Immunol. . 6279-289 (1994); Nagata et al. t SfiifiDCfc 2fi£1449-l456 (1995)]. Apo-1 ligand is also reported' 
to induce post-stimulation apoptosis in CD4-positive T lymphocytes and in B lymphocytes, and may be 
involved in the elimination of activated lymphocytes when their function is no longer needed [Krammer et al., 
gujaa; Nagata et al., supra ). Agonist mouse monoclonal antibodies specifically binding to the Apo-1 receptor 

10 have been reported to exhibit cell killing activity that is comparable to or similar to that of TNF-a fYonehara 
el aL, J, Exp. Med.. 162:1747-1756 (1989)]. 

Induction of various cellular responses mediated by such TNF family cytokines is believed 
to be initiated by their binding to specific cell receptors. Two distinct TNF receptors of approximately 55-kDa 
(TNF-RI) and 75-kDa (TNF-R2) have been identified [Hohman ct aL, J, Piftl. Chem,. 2M: 14927- 1 4934 

15 (1QXQ); ftmckhauset aL. proc.NatL Acad. ScL. 87:3127-3131 (1990); EP 417,563, published March 20, 1991) 
and human and mouse cDNAs corresponding to both receptor types have been isolated and characterized 
[Loetscher et aL, £eJl, £1:351 (1990); Schall et al. ( £eJl, 61:361 (1990); Smith et aL, Science. 248:1019-1023 
(1990); Lewis et aL, Proc. Natl. Acad. ScL . SJ:2830-2834 (1991); Goodwin et aL. Mvi Cell, Bio]., 11:3020- 
3026(1991)]. 

20 Itoh et al. disclose that the Apo-1 receptor can signal an apoptotic cell death similar to that 

signaled by the 55-kDa TNF-RI [ltoh et aL, supra) . Expression of the Apo-1 antigen has also been reported 
to be down-regulated along with that of TNF-RI when cells are treated with either TNF-a or anti-Apa- 1 mouse 
monoclonal antibody [Krammer et aL, SMjya; Nagata et aL, supra ). Accordingly, some investigators have 
hypothesized that cell lines that co-express both Apo-1 and TNF-RI receptors may mediate cell killing through 

25 common signaling pathways [IdJ. 

The TNF family ligands identified to date, with the exception of lymphotoxin-a, are type 
II transmembrane proteins, whose C- terminus is extracellular. In contrast, the receptors in the TNF receptor 
(TNFR) family identified to date are type I transmembrane proteins. In both the TNF ligand and receptor 
families, however, homology identified between family members has been found mainly in the extracellular 

30 domain ("ECD"). Several of the TNF femily cytokines, including TNF-a, Apo-1 ligand and CD40 ligand, are 
cleaved proteolyticalry at the cell surface; the resulting protein in each case typically forms a homotrimeric 
molecule that functions as a soluble cytokine. TNF receptor family proteins are also usually cleaved 
proteoryrjcally to release soluble receptor ECDs that can function as inhibitors of the cognate cytokines. For 
a review of the TNF family of cytokines and their receptors, see Gruss and Dower, supra. 

35 SUMMARY OF T HE INVENTION 

Applicants have identified cDNA clones that encode a novel cytokine, designated w Apo-2 
ligand." It is presently believed that Apo-2 ligand is a member of the TNF cytokine family; Apo-2 ligand is 
related in amino acid sequence to some known TNF-related proteins, including the Apo- 1 ligand. Applicants 
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found, however, that the Apo-2 ligand is not inhibited appreciably by known soluble Apo- 1 or TNF receptors, 
such as the Fas/Apo-1, TNF-R1. or TNF-R2 receptors. 

In one embodiment, the invention provides isolated biologically active Apc-2 ligand. In 
particular, the invention provides isolated biologically active Apo-2 ligand which includes an amino acid 
sequence comprising residues 1 14-281 of Figure 1 A. In another embodiment, the Apo-2 ligand includes an 
amm o acid sequence coraprismgres^ 

biologically active Apo-2 ligand includes an amino acid sequence shown as residues 1-281 ofFigure 1A(SEQ 
lDNO:l). 

in another embodiment, the invention provides chimeric molecules comprising Apo-2 ligand 
fused to another, heterologous polypeptide. An example of such a chimeric molecule comprises the Apo-2 
ligand fused to a tag polypeptide sequence. 

In another embodiment, the invention provides an isolated nucleic acid molecule encoding 
Apo-2 ligand. In one aspect, the nucleic acid molecule is RNA or DNA that encodes a biologically active Apo- 
2 ligand or is complementary to a nucleic acid sequence encoding such Apo-2 ligand, and remains stably bound 
15 to it under at least moderately stringent conditions. In one embodiment, the nucleic acid sequence is selected 
from; 

(a) the coding region of the nucleic acid sequence ofFigure 1 A that codes for the full-length 
protein from residue 1 to residue 281 (i.e.. nucleotides 91 through 933). inclusive, or nucleotides 211 through 
933 that encodes for the extracellular protein from residue 41 to 281. inclusive, or nucleotides 430 through 933 
that encodes for the extracellular protein from residue 1 14 to 281. inclusive, of the nucleic acid sequence shown 

in Figure 1 A (SEQ ID NO:2); or 

(b) a sequence corresponding to the sequence of (a) within the scope of degeneracy of the 

genetic code. 

In a further embodiment, the invention provides a replicable vector comprising the nucleic 
acid molecule encoding the Apo-2 ligand operably linked to control sequences recognized by a host cell 
transfected or transformed with the vector. A host cell comprising the vector or the nucleic acid molecule is 
also provided. A method of producing Apo-2 ligand which comprises culturing a host cell comprising the 
nucleic acid molecule and recovering the protein from the host cell culture is further provided. 

In another embodiment, the invention provides an antibody which binds to the Apb-2 ligand. 
30 In one aspect, the antibody is a monoclonal antibody having antigen specificity for Apo-2 ligand. 

In another embodiment, the invention provides a composition comprising biologically active 
Apo-2 ligand and a pharmaceutically-acceptable carrier. The composition may be a pharmaceutical 
composition useful for inducing or stimulating apoptosis. 

In another embodiment, the invention provides a method for inducing apoptosis in 
35 mammalian cells, comprising exposing mammalian cells, « vivo or ex vivo, to an amount of Apo-2 ligand 

effective for inducing apoptosis. 

In another embodiment, the invention provides methods of treating a mammal having cancer. 
In the methods, an effective amount of Apo-2 ligand is administered to a mammal diagnosed as having cancer. 



20 
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The Apo-2 ligand may also be administered to the mammal along with one or more other therapies, such as 
chemotherapy, radiation therapy, or other agents capable of exerting anti-tumor activity. 

A further embodiment of the invention provides articles of manufacture and kits that include 
Apo-2 ligand or Apo-2 ligand antibodies. The articles of manufacture and kits include a container, a label on 
5 the container, and a composition contained within the container. The label on the container indicates that the 
composition can be used for certain therapeutic or non-therapeutic applications. The composition contains an 
active agent, and the active agent comprises Apo-2 ligand or Apo-2 ligand antibodies. 

p R iPF DESCRIPTION OF TH E DRAWINGS 
Figure I A shows the nucleotide sequence of human Apo-2 ligand cDNA and its derived 

10 amino acid sequence. 

Figure IB shows an alignment of the C-terminal region of human Apo-2 ligand with the 
corresponding region of known members of the human TNF cytokine family, 4-lBBL, OX40L, CD27L, 
CD30L, TNF-a. LT-p, LT-a, CD40L, and Apo-IL. 

Figures 1C-1E show (C) the cellular topology of the recombinant, full-length, C-terminal myc 
1 5 epitope-tagged Apo-2 ligand expressed in human 293 cells, as determined by FACS analysis using anti-myc 
epitope antibody; <D) the size and subunit structure of recombinant, Hisj 0 epitope-tagged soluble Apo-2 
expressed in recombinant baculovirus-infected insect cells and purified by Ni 2+ -chelate affinity 
chromatography, as determined with (lanes 2, 3) or without (lane 1) chemical crosslinking followed by SDS- 
PAGE and silver staining; (E) the size and subunit structure of recombinant, gD epitope-tagged, soluble Apo-2 
20 ligand expressed in metabolically labeled human 293 cells, as determined by immunoprecipiutioo with anti-gD 
epitope antibody, followed by SDS-PAGE and autoradiography. 

Figures 2A-2E show the induction of apoptosis in B and T lymphocyte cell lines by Apo-2 
ligand. Apoptotic cells were identified by characteristic morphological changes (A); by positive fluorescence 
staining with propidiurn iodide (PI) and FITC-conjugatcd annexin V, measured by flow cytometry (B-D); and 
25 by analysis of internucleosomal DNA fragmentation (E). 

Figures 3A-3C show the time course and the dose-dependence of Apo-2 ligand-induced 
apoptosis and the lack of inhibition of Apo-2 ligand-induced apoptosis by soluble receptor-lgG-fusion proteins 
based on the Fas/Apo-T receptor, TNF-R1 receptor, or TNF-R2 receptor. 

Figure 4 shows the expression of Apo-2 ligand mRNA in human fetal and human adult 
30 tissues, as measured by Northern blot analysis. 

Figure 5 shows the in vivo effect of Apo-2 ligand, administered by intrarumor injection, alone 
or in combination with Doxorubicin, on the weight of human MDA23 1 breast carcinoma-based tumors grown 
in nude mice. 

Figure 6 shows the in vivo effect of Apo-2 ligand, administered by intrarumor injection, alone 
35 or in combination with 5-FU, on the weight of human HCT1 16 colon carcinoma-based tumors grown in nude 
mice. 

Figure 7 shows the in vivo effect of Apo-2 ligand, administered by intraperitoneal injection, 
alone or in combination with 5-FU, on the size of human HCTI 16 colon carcinoma-based tumors grown in 
nude mice. 
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Figure 8 shews the *. vr*> effect of Apo-2 ligand, administered by intraperitoneal injection, 
alone or in combination with S-FU. on the weight of human HCT1 .6 colon carcinomaWd tumors grown in 

nude mice. 

Figure 9 is a bar diagram illustrating that CrmA but not dominant negative FADD blocks 

5 Apo-2 ligand-induced apoptosis in HeLa-S3 cells. 

Figure 10 shows FACS analysis of apoptosis induced by Apo-2 ligand and the effect of four 
anti-Apo-2 ligand antibodies: 1D1. 2G6. 2EI I. and 5C2 (apoptotic 9D cells detected using FITC-conjugated 
annexin V - bold line; live, unstained cells - thin line). 

Figure 1 1 isabar diagram illustrating antigen specificity of monoclonal antibodies 1D1.2G6. 

10 2Ell.and5C2. 

Figure 12 is a bar diagram illustrating the results of an epitope mapping assay of monoclonal 
antibodies 1DI, 2G6, 2E1 1. and 5C2. 

Figure 13 is a bar diagram illustrating the results of an assay testing the ability of monoclonal 
antibody 1DI to bind to several different synthetic peptides consisting of specific ammo acid regions of the 
15 Apc-2 ligand. 

PF JA» -m DK. s rP'^N nF THE pBFFFRRF-n EMBODIMENTS 
1. Definitions 

The terms "Apo-2 ligand" and "Apo-2L" are used herein to refer to a polypeptide sequence 
which includes amino acid residues 1 14-281. inclusive, residues 41-281. inclusive, residues 15-281. inclusive. 
20 or residues 1-281. inclusive, of the amino acid sequence shown in Figure 1A. as well as biologically active 
deletions insertion*!, or substitutional variants of the above sequences. In a preferred embodiment, the 
polypeptide sequence has at least residues 114-281 of Figure I A. In another preferred embodiment, the 
biologically active variants have at least about 80% sequence identity, more preferably at least about 90% 
sequence identity, and even more preferably, at least about 95% sequence identity with any one of the above 
25 sequences. IT* definition encompasses Apo-2 ligand isolated from an Apo-2 ligand source, such as from the 
human tissue types described herein (see Example 8) or from another source, or prepared by recombinant or 
synthetic methods. The present definition of Apo-2 ligand excludes known EST sequences, such as GenBank 
HHEA47M. T90422, R31020. H43566. H44565. H44567. H54628. H44772, H54629, T82085. and TI0524. 

The term "epitope tagged" when used herein refers to a chimeric polypeptide comprising 
30 Apo-2 ligand. or a portion thereof, fused to a "tag polypeptide". The tag polypeptide has enough residues to 
provide an epitope against which an antibody can be made, yet is short enough such that it does not interfere 
with activity of the Apo-2 ligand. The tag polypeptide preferably also is fairly unique so that the antibody does 
not substantially cross-react with other epitopes. Suitable tag polypeptides generally have at least six amino 
acid residues and usually between about 8 to about 50 ammo acid residues (preferably, between about 10 to 

35 about 20 residues). 

"Isolated," when used to describe the various proteins disclosed herein, means protein that 
has been identified and separated and/or recovered from a component of its natural environment Contaminant 
components of its natural environment are materials that would typically interfere with diagnostic or therapeutic 
uses for the protein, and may include enzymes, hormones, and other proteinaceous or non-proteinaceous 
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solutes. In preferred embodiments, the protein will be purified ( I ) to a degree sufficient to obtain at least 1 5 
residues of N-terminal or internal amino acid sequence by use of a spinning cup sequenator, or (2) to 
homogeneity by SDS-PAGE under non-reducing or reducing conditions using Coomasste blue or, preferably, 
silver stain. Isolated protein includes protein in situ within recombinant cells, since at least one component of 
5 the Apo-2 ligand natural environment will not be present. Ordinarily, however, isolated protein will be 
prepared by at least one purification step. 

An "isolated" Apo-2 ligand nucleic acid molecule is a nucleic acid molecule that is identified 
and separated from at least one contaminant nucleic acid molecule with which h is ordinarily associated in the 
natural source of the Apo-2 ligand nucleic acid. An isolated Apo-2 ligand nucleic acid molecule is other than 

10 in the form or setting in which it is found in nature. Isolated Apo-2 ligand nucleic acid molecules therefore are 
distinguished from the Apo-2 ligand nucleic acid molecule as it exists in natural cells. However, an isolated 
Apo-2 ligand nucleic acid molecule includes Apo-2 ligand nucleic acid molecules contained in cells that 
ordinarily express Apo-2 ligand where, for example, the nucleic acid molecule is in a chromosomal location 
different from that of natural cells. 

] 5 The term "control sequences" refers to DNA sequences necessary for the expression of an 

operably linked coding sequence in a particular host organism. The control sequences that are suitable for 
prokaryotes, for example, include a promoter, optionally an operator sequence, and a ribosome binding site. 
Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers. 

Nucleic acid is "operably linked- when it is placed into a functional relationship with another 

20 nucleic acid sequence. For example, DNA for a presequence or secretory leader is operably linked to DNA 
for a polypeptide if it is expressed as a pneprotein that participates in the secretion of the polypeptide; a 
promoter or enhancer is operably linked to a coding sequence if it affects the transcription of the sequence; or 
a ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate translation. 
Generally, "operably linked" means that the DNA sequences being linked are contiguous, and, in the case of 

25 a secretory leader, contiguous and in reading phase. However, enhancers do not have to be contiguous. 
Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, the synthetic 
oligonucleotide adaptors or linkers are used in accordance with conventional practice. 

The term M antibody M is used in the broadest sense and specifically covers single anti-Apo-2 
ligand monoclonal antibodies (including agonist and antagonist antibodies) and anti-Apo-2 ligand antibody 

30 compositions with polyepitopic specificity. 

The term "monoclonal antibody" as used herein refers to an antibody obtained from a 
population of substantially homogeneous antibodies, te, the individual antibodies comprising the population 
are identical except for possible naturally-occurring mutations that may be present in minor amounts. 
Monoclonal antibodies are highly specific, being directed against a single antigenic site. Furthermore, in 

35 contrast to conventional (polyclonal) antibody preparations which typically include different antibodies directed 
against different determinants (epitopes), each monoclonal antibody is directed against a single determinant 
on the antigen. 

The monoclonal antibodies herein include hybrid and recombinant antibodies produced by 
splicing a variable (including hypervariable) domain of an anti-Apo-2 ligand antibody with a constant domain 
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(e g. "humanized" antibodies), or a light chain with a heavy chain, or a chain from one species with a chain 
from another species, or fusions with heterologous proteins, regardless of species of origin or immunoglobulin 
class or subclass designation, as well as antibody fragments {e.g.. Fab, Ffeb^ and Fv). so long as they exhibit 
the desired activity. See, e.g. U.S. Pat. No. 4,816,567 and Mage et aU in Monorlonal Antibody Product i on 
5 T-Thninnnnr' 1 Amotions, pp.79-97 (Marcel Dekker, Inc.: New York, 1987). 

Thus, the modifier -monoclonal" indicates the character of the antibody as being obtained 
from a substantially homogeneous population of antibodies, and is not to be construed as requiring production 
of the antibody by any particular method. For example, the monoclonal antibodies to be used in accordance 
with the present invention may be made by the hybridoma method first described by Kohler and Milstein, 
10 MatUif, 25fi:495 (1975), or may be made by recombinant DNA methods such as described in U.S. Pat. No. 
4,816.567. The "monoclonal antibodies" may also be isolated from phage libraries generated using the 
techniques described in McCafferty et al.. Nature, 245:552-554 (1990). for example. 

-Humanized" forms of non-human (e.g. murine) antibodies are specific chimeric 
immunoglobmins.immunoglolwlmchains. or fragmentsthereof (such as Fv. Fab, Fab 1 , F(ab')2 or other antigen- 
15 binding subsequences of antibodies) which contain minimal sequence derived from non-human 
immunoglobulin. For the most part, humanized antibodies arc human immunoglobulins (recipient antibody) 
in which residues from a complementarity determining region (CDR) of the recipient are replaced by residues 
from a CDR of a non-human species (donor antibody) such as mouse, rat, or rabbit having the desired 
specificity, affinity, and capacity. In some instances. Fv framework region (FR) residues of the human 
20 immunoglobulin are replaced by corresponding non-human residues. Furthermore, the humanized antibody 
may comprise residues which are found neither in the recipient antibody nor in the imported CDR or framework 
sequences. These modifications are made to further refine and optimize antibody performance. In general, 
the humanized antibody will comprise substantially all of al least one, and typically two. variable domains, in 
which all or substantially all of the CDR regions correspond to those of a non-human immunoglobulin and all 
25 or substantially all of the FR regions are those of a human immunoglobulin consensus sequence. The 
humanized antibody optimally also will comprise at least a portion of an immunoglobulin constant region (Fc). 

typically that of a human immunoglobulin. 

-Biologically active" for the purposes herein to characterize Apo-2 ligand means having the 
ability to induce or stimulate apoptosis in al least one type of mammalian cell in vivo or ex vivo. 

30 The terms "apoptosis" and "apoptotic activity" are used in a broad sense and refer to the 

orderly or controlled form of cell death in mammals mat is typically accompanied by one or more characteristic 
cell changes, including condensation of cytoplasm, loss of plasma membrane microvilli, segmentation of ihe 
nucleus, degradation of chromosomal DNA or loss of mitochondrial function. This activity can be determined 
and measured, for instance, by cell viability assays, FACS analysis or DNA electrophoresis. 

35 jh e terms "cancer" and "cancerous" refer to or describe the physiological condition in 

mammals that is typically characterized by unregulated cell growth. Examples of cancer include but are not 
limited to, carcinoma, lymphoma, leukemia, blastema, and sarcoma. More particular examples of such cancers 
include squamous cell carcinoma, small-cell lung cancer, non-small cell lung cancer, neuroblastoma, pancreatic 
cancer, glioblastoma multiforme, cervical cancer, stomach cancer, bladder cancer, hepatoma, breast cancer, 



-7 



WO 97/25428 PCT/US97/00272 
colon carcinoma, and head and neck cancer. In one embodiment, the cancer includes follicular lymphoma, 
carcinoma with p53 mutations, or hormone-dependent cancer such as breast cancer, prostate cancer, or ovarian 
cancer. 

The terms "treating," "treatment, " and "therapy" as used herein refer to curative therapy. 

5 prophylactic therapy, and preventative therapy. 

The term "mammal" as used herein refers to any mammal classified as a mammal, including 
humans, cows, horses, dogs and cats. In a preferred embodiment of the invention, the mammal is a human. 
II. Compositions and Meth ods of the Invention 

The present invention provides a novel cytokine related to the TNF ligand family, the 

10 cytokine identified herein as H Apo-2 ligand.* The predicted mature amino acid sequence of human Apo-2 
ligand contains 28 1 amino acids, and has a calculated molecular weight of approximately 32.5 kDa and an 
isoelectric point of approximately 7.63. There is no apparent signal sequence at the N-terminus, although 
hydropathy analysis indicates the presence of a hydrophobic region between residues 1 5 and 40. The absence 
of a signal sequence and the presence of an internal hydrophobic region suggests that Apo-2 ligand is a type 

15 II transmembrane protein. A potential N-ltnked glycosylation site is located at residue 109 in the putative 
extracellular region. The putative cytoplasmic region comprises amino acid residues 1-14, the transmembrane 
region comprises amino acid residues 15-40 and the extracellular region comprises amino acid residues 4 1 -28 1 , 
shown in Figure 1A. An Apo-2 ligand polypeptide comprising amino acid residues 114-281 of the extracellular 
region, shown in Figure I A, is also described in the Examples below. 

20 A. Preparation of Apo-2 Ligand 

The description below relates primarily to production of Apo-2 ligand by culturing cells 
transformed or transfected with a vector containing Apo-2 ligand nucleic acid and recovering the polypeptide 
from the cell culture. It is of course, contemplated that alternative methods, which are well known in the art, 
may be employed to prepare Apo-2 ligand. 

25 1. Isolation of DNA Encodin g Apo-2 Ligand 

The DNA encoding Apo-2 ligand may be obtained from any cDNA library prepared from 
tissue believed to possess the Apo-2 ligand mRNA and to express it at a detectable level. Accordingly, human 
Apo-2 ligand DNA can be conveniently obtained from a cDNA library prepared from human tissues, such as 
the bacteriophage library of human placental cDNA described in Example 1 . The Apo-2 ligand-encoding gene 

30 may also be obtained from a genomic library or by oligonucleotide synthesis. 

Libraries can be screened with probes (such as antibodies to the Apo-2 ligand or 
oligonucleotides of at least about 20-80 bases) designed to identify the gene of interest or the protein encoded 
by h. Examples of oligonucleotide probes are provided in Example I . Screening the cDNA or genomic library 
with the selected probe may be conducted using standard procedures, such as described in Sambrook ct al., 

35 Molecular Cloning: A Laboratory Manual (New York: Cold Spring Harbor Laboratory Press, 1989). An 
alternative means to isolate the gene encoding Apo-2 ligand is to use PCR methodology [Sambrook ct al., 
supra: Dieffenbach et al., P^R Primer A laboratory Manual (Cold Spring Harbor Laboratory Press, 1 995)]. 

A preferred method of screening employs selected oligonucleotide sequences to screen cDNA 
libraries from various human tissues. Example 1 below describes techniques for screening a cDN A library with 
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two different oligonucleotide probes. The oligonucleotide sequences selected as probes should be of sufficient 
length and sufficiently unambiguous so thai false positives are minimized. The oligonucleotide is preferably 
labeled such that it can be detected upon hybridization to DNA in the library being screened. Methods of 
labeling are well known in the art. and include the use of radiolabels like "P-labeled ATP, biotinylation or 
S enzyme labeling. 

Nucleic acid having all the protein coding sequence may be obtained by screening selected 
cDNA or genomic libraries using the deduced amino acid sequence disclosed herein, and. if necessary, using 
conventional primer extension procedures as described in Sarnbrook et al., ama to detect precursors and 
processing intermediates of mRNA that may not have been reverse-transcribed into cDNA. 
, 0 Amino acid sequence variants of Apo-2 ligand can be prepared by introducing appropriate 

nucleotide changes into the Apo-2 ligand DNA. or by synthesis of the desired Apc-2 ligand polypeptide. Such 
variants represent insertions, substitutions, and/or deletions of residues within or at one or both of the ends of 
the intracellular region, the transmembrane region, or the extracellular region, or of the amino acid sequence 
shown for the full-length Apo-2 ligand in Figure IA. Any combination of insertion, substitution, and/or 
15 deletion can be made to arrive at the final construct, provided that the final construct possesses the desired 
apoptotic activity as defined herein. In a preferred embodiment, the variants have at least about 80% sequence 
identity, more preferably, at least about 90% sequence identity, and even more preferably, at least about 95% 
sequence identity whh the sequences identified herein for the intracellular, transmembrane, or extracellular 
regions of Apo-2 ligand, or the full-length sequence for Apo-2 ligand. The amino acid changes also may alter 
20 post-translational processes of the Apo-2 ligand, such as changing the number or position of glycosylate sites 
or altering the membrane anchoring characteristics. 

Variations in the Apo-2 ligand sequence as described above can be made using any of the 
techniques and guidelines for conservative and non-conservative mutations set forth in U.S. Pat. No. 5.364.934. 
These include oligonucleotide-mediated (site-directed) mutagenesis, alanine scanning, and PCR mutagenesis. 
25 2. Insertion of Nucleic Acid in ™ A Explicable Vector 

The nucleic acid (eg., cDNA or genomic DNA) encoding native or variant Apo-2 ligand may 
be inserted into a replicable vector for further cloning (amplification of the DNA) or for expression. Various 
vectors are publicly available. The vector components generally include, but are not limited to. one or more 
of the following: a signal sequence, an origin of replication, one or more marker genes, an enhancer element. 
30 a promoter, and a transcription termination sequence, each of which is described below. 

(i) S ignal Sequen ce Component 
The Apo-2 ligand may be produced recombinantly not only directly, but also as a fusion 
polypeptide with a heterologous polypeptide, which may be a signal sequence or other polypeptide having a 
specific cleavage site at the N-terminus of the mature protein or polypeptide. In general, the signal sequence 
35 may be a component of the vector, or it may be a part of the Apo-2 ligand DNA that is inserted into the vector. 
The heterologous signal sequence selected preferably b one that is recognized and processed (i.e. cleaved by 
a signal peptidase) by the host cell. The signal sequence may be a prokaryotic signal sequence selected, for 
example, from the group of the alkaline phosphatase, penicillinase, 1pp. or heat-stable enterotoxin II leaders. 
For yeast secretion the signal sequence may be, eg., the yeast in vertase leader, alpha factor leader (including 
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Saccharomyces and Kluyveramyces a -factor leaders, the latter described in U.S. Pat. No. 5,010,1 82), or acid 
phosphatase leader, the C albicans glucoamylase leader (EP 362,179 published 4 April 1990), or the signal 
described in WO 90/13646 published 15 November 1990. In mammalian cell expression the native Apo-2 
ligand presequence that normally directs insertion of Apo-2 ligand in the cell membrane of human cells in vivo 
5 is satisfactory, although other mammalian signal sequences may be used to direct secretion of the protein, such 
as signal sequences from secreted polypeptides of the same or related species, as well as viral secretory leaders, 
for example, the herpes simplex glycoprotein D signal. 

The DNA for such precursor region is preferably ligated in reading frame to DNA encoding 

Apo-2 ligand. 

10 (ii) Ori gin of Replication Component 

Both expression and cloning vectors contain a nucleic acid sequence that enables the vector 
to replicate in one or more selected host cells. Generally, in cloning vectors this sequence is one that enables 
the vector to replicate independently of the host chromosomal DNA, and includes origins of replication or 
autonomously replicating sequences. Such sequences are well known for a variety of bacteria, yeast, and 

15 viruses. The origin of replication from the plasmid pBR322 is suitable for most Gram-negative bacteria, the 
2u plasmid origin is suitable for yeast, and various viral origins (SV40, polyoma, adenovirus, VS V or BPV) 
are useful for cloning vectors in mammalian cells. Generally, the origin of replication component is not heeded 
for mammalian expression vectors (the SV40 origin may typically be used because it contains the early 
promoter). 

20 Most expression vectors are "shuttle" vectors, i.e. they are capable of replication in at least 

one class of organisms but can be transfected into another organism for expression. For example, a vector is 
cloned in £. coli and then the same vector is transfected into yeast or mammalian cells for expression even 
though it is not capable of replicating independently of the host cell chromosome. 

DNA may also be amplified by insertion into the host genome. This is readily accomplished 

25 using Bacillus species as hosts, for example, by including in the vector a DNA sequence that is complementary 
to a sequence found in Bacillus genomic DNA. Transfection of Bacillus with this vector results in homologous 
recombination with the genome and insertion of Apo-2 ligand DNA. However, the recovery of genomic DNA 
encoding Apo-2 ligand is more complex than that of an exogenously replicated vector because restriction 
enzyme digestion is required to excise the Apo-2 ligand DNA. 

30 (iii) Selection Gene Component 

Expression and cloning vectors typically contain a selection gene, also termed a selectable 
marker. This gene encodes a protein necessary for the survival or growth of transformed host cells grown in 
a selective culture medium. Host cells not transformed with the vector containing the selection gene will not 
survive in the culture medium. Typical selection genes encode proteins that (a) confer resistance to antibiotics 

35 or other toxins, e.g., ampiciliin, neomycin, methotrexate, or tetracycline, (b) complement auxotrophic 
deficiencies, or (c) supply critical nutrients not available from complex media, e.g. t the gene encoding D- 
alanine racemase for Bacilli. 

One example of a selection scheme utilizes a drug to arrest growth of a host cell. Those cells 
that are successfully transformed with a heterologous gene produce a protein conferring drug resistance and 
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thus survive the selection regimen. Examples of such dominant selection use the drugs neomycin [Southern 
n nt l Moire AodI. Genet . 1 :327 (1982)1. mycophenolic acid (Mulligan et al.,£oejlC£, 202:1422 (1980)] 
or hygromycin [Sugden et al., Mol Cell. Biol.. *4 1<M13 (1985)]. The three examples given above employ 
bacterial genes under eukaryotic control to convey resistance to the appropriate drag G4 18 or neomycin 
5 (geneticin), xgpt (mycophenolic acid), or hygromycin, respectively. 

Another example of suitable selectable markers for mammalian cells are those that enable 
the identification of cells competent to take up the Apo-2 ligand nucleic acid, such as DHFR or thymidine 
kinase. The mammalian cell tnmsformants are placed under selection pressure that only the transformants are 
uniquely adapted to survive by virtue of having taken up the marker. Selection pressure is imposed by cuhuring 
1 0 the transformants under conditions in which the concentration of selection agent in the medium is successively 
changed, thereby leading to amplification of both the selection gene and the DNA that encodes Apo-2 ligand. 
Amplification is the process by which genes in greater demand for the production of a protein critical for 
growth are reiterated in tandem within the chromosomes of successive generations of recombinant cells. 
Increased quantities of Apo-2 ligand are synthesized from the amplified DNA. Other examples of amplifiable 
1 5 genes include metallothionein-I and -II, adenosine deaminase, and ornithine decarboxylase. 

Cells transformed with the DHFR selection gene may first be identified by culturing all of 
the transformants in a culture medium that contains methotrexate (Mtx), a competitive antagonist of DHFR. 
An appropriate host cell when wild-type DHFR is employed is the Chinese hamster ovary (CHO) cell line 
deficient in DHFR activity, prepared and propagated as described by Urlaub et al., PrQC.Nall , Acad, Sci, USA , 
20 72:4216 (1980). The transformed cells are then exposed to increased levels of methotrexate. This leads to the 
synthesis of multiple copies of the DHFR gene, and, concomitantly, multiple copies of other DNA comprising 
the expression vectors, such as the DNA encoding Apo-2 ligand- This amplification technique can be used with 
any otherwise suitable host, e.g., ATCC No. CCL61 CHO-K1, notwithstanding the presence of endogenous 
DHFR if, for example, a mutant DHFR gene that is highly resistant to Mtx is employed (EP 1 17,060). 
25 Alternatively, host cells (particularly wild-type hosts that contain endogenous DHFR) 

transformed or co-transformed with DNA sequences encoding Apo-2 ligand, wild-type DHFR protein, and 
another selectable marker such as aminoglycoside 3'-phosphotransferase (APH) can be selected by cell growth 
in medium containing a selection agent for the selectable marker such as an aminoglycoside antibiotic, e.g., 
kanamycin, neomycin, or G418. See U.S. Patent No. 4,965,199. 
30 A suitable selection gene for use in yeast is the trp\ gene present in the yeast plasmid YRp7 

[Stinchcomb et al., Nature . 282:39 (1979); Kingsman et al. t Qejie., 2:141 (1979); Tschemper et al., Gene, 
lfj:l57 (1980)]. The trp\ gene provides a selection marker for a mutant strain of yeast lacking the ability to 
grow in tryptophan, for example, ATCC No. 44076 or PEP4- 1 [Jones, Senetjci, £5:12 (1977)). The presence 
of the trp\ lesion in the yeast host cell genome then provides an effective environment for detecting 
35 transformation by growth in the absence of tryptophan. Similarly, I^t/2-defiricnt yeast strains (ATCC 20,622 
or 38,626) are complemented by known plasmids bearing the Leul gene. 

In addition, vectors derived from the 1.6 Jim circular plasmid pKDI can be used for 
transformation of Kluyveromyccs yeasts [Bianchi et aU C.urr. Genet.. 12:185 (1987)]. More recently, an 
expression system for large-scale production of recombinant calf chymosin was reported for AT. lactis [Van den 
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Berg, Bio/Technology. £:135 (1990)]. Stable multi-copy expression vectors for secretion of mature 
recombinant human serum albumin by industrial strains of Kluyveromyces have also been disclosed (Fleer et 
a!.. Bin/Technology. 2:968-975 (1991)]. 

(iv) Promoter Component 

5 Expression and cloning vectors usually contain a promoter that is recognized by the liost 

organism and is operably linked to the Apo-2 ligand nucleic acid sequence. Promoters are untranslated 
sequences located upstream (5*) to the start codon of a structural gene (generally within about 100 to 1000 bp) 
that control the transcription and translation of a particular nucleic acid sequence, such as the Apo-2 ligand 
nucleic acid sequence, to which they are operably linked. Such promoters typically fall into two classes, 

10 inducible and constitutive. Inducible promoters are promoters that initiate increased levels of transcription 
from DNA under their control in response to some change in culture conditions, eg., the presence or absence 
of a nutrient or a change in temperature. At this time a large number of promoters recognized by a variety of 
potential host cells are well known. These promoters are operably linked to Apo-2 ligand encoding DNA by 
removing the promoter from the source DNA by restriction enzyme digestion and inserting the isolated 

1 5 promoter sequence into the vector. Both the native Apo-2 ligand promoter sequence and many heterologous 
promoters may be used to direct amplification and/or expression of the Apo-2 ligand DNA. 

Promoters suitable for use with prokaryotic hosts include the P- lactamase and lactose 
promoter systems [Chang et aL, Nature . 225:615 (1978); Goeddel et al., Nature, 2&1:544 (1979)], alkaline 
phosphatase, a tryptophan (tip) promoter system (Goeddel, Nucleic Acids Res.. &4057 (1980); EP 36,776], 

20 and hybrid promoters such as the tac promoter [deBoer et al., Proc. Natl. A cad. Sci. USA. £ft:21-25 (1983)]. 
However, other known bacterial promoters are suitable. Their nucleotide sequences have been published, 
thereby enabling a skilled worker operably to ligate them to DNA encoding Apo-2 ligand (Siebenlist et al., 
£eJL 2fi:269 (1980)] using linkers or adaptors to supply any required restriction sites. Promoters for use in 
bacterial systems also will contain a Shine-Dalgamo (S.D.) sequence operably linked to the DNA encoding 

25 Apo-2 ligand. 

Promoter sequences are known for eukaryotes. Virtually all eukaryotic genes have an AT- 
rich region located approximately 25 to 30 bases upstream from the site where transcription is initiated. 
Another sequence found 70 to 80 bases upstream from the start of transcription of many genes is a CXCAAT 
region where X may be any nucleotide. At the 3' end of most eukaryotic genes is an A ATA A A sequence that 
30 maybe the signal for addition of the poly A tail to the 3' end of the coding sequence. All of these sequences 
are suitably inserted into eukaryotic expression vectors. 

Examples of suitable promoting sequences for use with yeast hosts include the promoters for 
3-phosphoglycerate kinase [Hitzeman et al., J Biol. Chem.. 25*2073 (1980)] or other glycolytic enzymes 
[Hess et aL, J- Adv. Rnzvme Reg. . 2:149 (1968); Holland, Biochemistry. 12*900 (1978)], such as enolase, 
35 glyceraldehyde-3-phosphate dehydrogenase, hexokinase, pyruvate decarboxylase, phosphofructokinase, 
glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, pyruvate kinase, trioscphosphate isomerase, 
phosphoglucose isomerase, and glucokinase. 

Other yeast promoters, which are inducible promoters having the additional advantage of 
transcription controlled by growth conditions, are the promoter regions for alcohol dehydrogenase 2, 
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glycen.ldehyde-3-phosphate dehydrogenase, and enzymes responsible for maltose and galactose utilization. 
Suitable vectors and promoters for use in yeast expression are further described in EP 73.657. Yeast enhancers 
also are advantageously used with yeast promoters. 
5 Apo-2 ligand transcription from vectors in mammalian host cells is controlled, for example, 

by promoters obtained from the genomes of viruses such as polyoma virus, fowlpox virus (UK 2.21 l ; S04 
published 5 July 1989), adenovirus (such as Adenovirus 2). bovine papilloma virus, avian sarcoma virus, 
cytomegalovirus, a retrovirus. hepatHis-B virus and most preferably Simian Virus 40 (SV40), from 
heterologous mammalian promoters, eg., the actin promoter or an immunoglobulin promoter, from heat-shock 
10 promoters, and from the promoter normally associated with the Apo-2 ligand sequence, provided such 
promoters are compatible with the host cell systems. 

The early and late promoters of the SV40 virus are conveniently obtained as an SV40 
restriction fragment that also contains the SV40 viral origin of replication [Fiers et aL. UaSms, 222:1 13 (1978); 
Mulligan and Berg, SciaKC 222:1422-1427 (1980); Pavlakis et aU PrOT Nail Acad ., Sci. USA . 28:7398-7402 
15 (1981)]. The immediate early promoterof the human cytomegalovirus is conveniently obtained as a Hindlll 
E restriction fragment [Greenaway et al.. GsM, 18:355-360 (1982)]. A system for expressing DNA in 
mammalian hosts using the bovine papilloma virus as a vector is disclosed in U.S. Patent No. 4,4 19,446. A 
modification of this system is described in U.S. Patent No. 4,601.978 [See also Gray et al.. Njiure. 22*503- 
508 (1982) on expressing cDN A encoding immune interferon in monkey cells; Reyes et al.. Njluic, 222:598- 
20 601 (1982) on expression of human p -interferon cDN A in mouse cells under the control of a thymidine kinase 
promoter from herpes simplex virus; Canaani and Berg. PrPT Natl Acad, Sci, USA 22:5 166-5170 (1982) on 
expression of the human interferon p 1 gene in cultured mouse and rabbit cells; and Gorman et al., ProcNatl . 
Acad. Sci. USA . 22:6777-678 1 (1982) on expression of bacterial CAT sequences in CV-1 monkey kidney cells, 
chicken embryo fibroblasts, Chinese hamster ovary cells, HeLa cells, and mouse NIH-3T3 cells using the Rous 
25 sarcoma virus long terminal repeat as a promoter]. 

(v) Fnhancer Elem ent Component 
Transcription of a DNA encoding Apo-2 ligand by higher eukaryotes may be increased by 
inserting an enhancer sequence into the vector. Enhancers are cis-acting elements of DNA, usually about from 
10 to 300 bp, that act on a promoter to increase its transcription. Enhancers are relatively orientation and 
30 position independent, having been found 5' [Laimins et al, PrOT TW. Ac fl d, Sci. USA. 22:993 (1981)] and 
3' [Lusky et al.. Mnl Cell Bio.. 2:1 108 (1983)1 to the transcription unit, within an intron [Banerjt et al.. £sJl. 
22:729 (1983)]. as well as within the coding sequence itself [Osborne et al., Mfl' Cell B'Q . 4-1293 (1984)]. 
Many enhancer sequences are now known from mammalian genes (globin. elastase. albumin, o-fetoprotein, 
and insulin). Typically, however, one will use an enhancer from a eukaryotic cell virus. Examples include the 
35 SV40 enhancer on the late side of the replication origin (bp 100-270). the cytomegalovirus early promoter 
enhancer, the polyoma enhancer on the late side of the replication origin, and adenovirus enhancers. See also 
Yaniv,Ealuj&232.l7-lM19«) onei ^ c ^ The enhancer 

may be spliced into the vector at a position 5' or V to the Apo-2 ligand-encoding sequence, but is preferably 
located at a site 5" from the promoter. 
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(vi) TrflnscrmtioTi Termination Component 

Expression vectors used in eukaryotic host cells (yeast fungi, insect, plant, animal, human, 
or nucleated cells from other multicellular organisms) will also contain sequences necessary for the termination 
of transcription and for stabilizing the mRNA. Such sequences are commonly available from the 5* and, 
occasionally 3\ untranslated regions of eukaryotic or viral DNAs or cDNAs. These regions contain nucleotide 
segments transcribed as polyadenylaied fragments in the untranslated portion of the mRNA encoding Arxn2 
ligand. 

(vii) Construction and Analysis of Vectors 

Construction of suitable vectors containing one or more of the above-listed components 
employs standard ligation techniques. Isolated plasm ids or DNA fragments are cleaved, tailored, and re-ligated 
in the form desired to generate the plasmids required. 

For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures can 
be used to transform £ coli K12 strain 294 (ATCC 31,446) and successful transformants selected by ampicillin 
or tetracycline resistance where appropriate. Plasmids from the transformants are prepared, analyzed by 
restriction endonucleasc digestion, and/or sequenced by the method of Messing et a!., Nucleic Acids Rcs„ 
2:309 (1981) or by the method of Maxam et ah, Methods m Fnzvmologv. f£:499 (1980). 

( viii) Transient Ex pression Vectors 

Expression vectors that provide for the transient expression in mammalian cells of DNA 
encoding Apo-2 ligand may be employed. In general, transient expression involves the use of an expression 
vector that is able to replicate efficiently in a host cell, such that the host cell accumulates many copies of the 
expression vector and, in turn, synthesizes high levels of a desired polypeptide encoded by the expression 
vector [Sambrook et al, supra]. Transient expression systems, comprising a suitable expression vector and 
a host cell, allow for the convenient positive identification of polypeptides encoded by cloned DNAs, as well 
as for the rapid screening of such polypeptides for desired biological or physiological properties. Thus, 
transient expression systems are particularly useful in the invention for purposes of identifying analogs and 
variants of Apo-2 ligand that are biologically active Apo-2 ligand. 

(W) ftiitahle Exemplary V ertebrate Cell Vectors 

Other methods, vectors, and host cells suitable for adaptation to the synthesis of Apo-2 ligand 
in recombinant vertebrate cell culture are described in Gething et ah, Naftrg, 222:620-625 (1981); Mantei et 
aL, Nature. 281:40-46 (1979); EP 1 17,060; and EP 1 17,058. A particularly useful plasmid for mammalian cell 
culture expression of Apo-2 ligand is pRK5 [EP 307,247; also described in Example 1] or pSVI6B |WO 
91/08291 published 13 June 1991]. 

3. Selection and Transformation of Host Cells 

Suitable host cells for cloning or expressing the DNA in the vectors herein are the prokaryote, 
yeast, or higher eukaryote cells described above. Suitable prokaryotes for this purpose include but are not 
limited to eubacteria, such as Gram-negative or Gram-positive organisms, for example, Enterobacteriaceae such 
as Escherichia, eg., £. coli, Enterobacter, Erwinia, Klebsiella, Proteus, Salmonella, e.g., Salmonella 
typhimurium, Serraiia, e.g., Serratia marcescans, and Shigella, as well as Bacilli such as B. subtilis and B. 
licheniformis(e.g.,B. licheniformis 41 P disclosed in DD 266,710 published 12 April 1989), Pseudomonas 
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such as P. aeruginosa, and Streptomyces. Preferably, the host cell should secrete minimal amounts of 
proteolytic enzymes. 

In addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are 
suitable cloning or expression hosts for Apo-2Ugand-encodmg vectors. Saccharomyces cerevisiae, or common 

5 baker's yeast, is the most commonly used among lower eukaryotic host microorganisms. However, a number 
of other genera, species, and strains are commonly available and useful herein. 

Suitable host cells for the expression of glycosylated Apo-2 ligand are derived from 
multicellular organisms. Such host cells are capable of complex processing and glycosylate activities. In 
principle, any higher eukaryotic cell culture is workable, whether from vertebrate or invertebrate culture. 

1 0 Examples of invertebrate cells include plant and insect cells. Numerous baculoviral strains and variants and 
corresponding permissive insect host cells from hosts such as Spodoptera frugiperda (caterpillar), Aedes 
aegypti (mosquito), Aedes albopictus (mosquito), Drosophila melanogaster (fruitfly), and Bombyx mori have 
been identified [See, e.g., Luckow et al., Bio/Technology. fi:47-55 (1 988); Miller et al. t in generic Engineering, 
Setlow et al., eds., Vol. 8 (Plenum Publishing, 1986), pp. 277-279; and Maeda et at., Nanus, 211:592-594 

1 5 (1985)]. A variety of viral strains for transfection are publicly available, e.g., the L-l variant of Autographa 
californica NPV and the Bm-5 strain of Bombyx mori NPV, and such viruses may be used as the virus herein 
according to the present invention, particularly for transfection of Spodoptera frugiperda ("Sf9") cells, 

described in Example 2. 

Plant cell cultures of cotton, corn, potato, soybean, petunia, tomato, and tobacco can be 

20 utilized as hosts. Typically, plant cells are transfected by incubation with certain strains of the bacterium 
Agrobacterium tumefaciens, which has been previously manipulated to contain the Apo-2 ligand-encoding 
DNA. During incubation of the plant cell culture with A. tumefaciens, the DNA encoding the Apo-2 ligand 
is transferred to the plant cell host such that it is transfected, and will, under appropriate conditions, express 
the Apo-2 ligand-encoding DNA. In addition, regulatory and signal sequences compatible with plant cells are 

25 available, such as the nopaline synthase promoter and polyadenylation signal sequences [Depicker et al., L 
Mol. AdpI. Gen.. 1:561 (1982)]. In addition, DNA segments isolated from the upstream region of the T-DNA 
780 gene are capable of activating or increasing transcription levels of plant-expressible genes in recombinant 
DNA -containing plant tissue [EP 32 1 , 1 96 published 2 1 June 1 989]. 

Propagation of vertebrate cells in culture (tissue culture) is also well known in the art [See, 

30 e.g, Tissue Culture . Academic Press, Kruse and Patterson, editors (1973)]. Examples of useful mammalian 
host cell lines are monkey kidney CVl line transformed by SV40 (COS-7, ATCC CRL 1651); human 
embryonic kidney line (293 or 293 cells subcloned for growth in suspension culture, Graham et al., LQsn 
Virol.. (1977)); baby hamster kidney cells (BHK* ATCC CCL 1 0); Chinese hamster ovary cellsADHFR 
(CHO, Uriaub and Chasin, iw Natl Acad. Sci.USA. ZZ:4216 (1980)); mouse Sertoli cells (TM4. Mather, 

35 Biol. Reprod. . 23:243-251 (1980)); monkey kidney cells(CVl ATCC CCL 70); African green monkey kidney 
cells (VERO-76, ATCC CRb-1587); human cervical carcinoma cells (HELA, ATCC CCL 2); canine kidney 
cells (MDCK, ATCC CCL 34); buffalo rat liver cells (BRL 3A, ATCC CRL 1442); human lung cells (Wl 38, 
ATCC CCL 75); human liver cells (Hep G2, HB 8065); mouse mammary tumor (MMT 060562, ATCC 
CCL51); TR1 cells (Mather et al., Annals N Y. Acad. Sci.. 221:44-68 (1982)); MRC 5 cells; and FS4 cells. 
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Host cells are transfected and preferably transformed with the above-described expression 
or cloning vectors for Apo-2 ligand production and cultured in conventional nutrient media modified as 
appropriate for inducing promoters, selecting transforraants, or amplifying the genes encoding the desired 
sequences. 

5 Transfection refers to the taking up of an expression vector by a host cell whether or not any 

coding sequences are in fact expressed. Numerous methods of transfection are known to the ordinarily skil led 
artisan, for example, CaP0 4 and electroporation. Successful transfection is generally recognized when any 
indication of the operation of this vector occurs within the host cell. 

Transformation means introducing DNA into an organism so that the DNA is replicable, 

10 either as an extrachromosomal element or by chromosomal integrant. Depending on the host cell used, 
transformation is done using standard techniques appropriate to such cells. The calcium treatment employing 
calcium chloride, as described in Sam brook et al., sjuaa, or electroporation is generally used for prokaryotes 
or other cells that contain substantial cell-wall barriers. Infection with Agrobacterium iumefaciens is used for 
transformation of certain plant cells, as described by Shaw et al. Qsn& 22:315 (1983) and WO 89/05859 

1 5 published 29 June 1989. In addition, plants may be transfected using ultrasound treatment as described m WO 
91/00358 published 10 January 1991. 

For mammalian cells without such cell walls, the calcium phosphate precipitation method 
of Graham and van dcr Eb, Virology. 52:456-457 (1978) is preferred. General aspects of mammalian cell host 
system transformations have been described in U.S. Pat. No. 4,399,216. Transformations into yeast are 

20 typically carried out according to the method of Van Solingen et al., J, )Sact„ 130:946 (1977) and Hsiao et al., 
Proc. Natl. Acad. Sri. OJSA>. 2fi:3829 (1979). However, other methods for introducing DNA into cells, such 
as by nuclear microinjection, electroporation, bacterial protoplast fusion with intact cells, or polycations, e.g.. 
polybrene, polyornithine, may also be used. For various techniques for transforming mammalian cells, see 
Keown et al., M*** 1 ™^ Enzvmologv. 12*527-537 (1990) and Mansour et al., Nature, 236:348-352 ( 1988). 

25 4. Cuhuring the Host Cells 

Prokaryotic cells used to produce Apo-2 ligand may be cultured in suitable media as 

described generally in Sambrook et al., supjs- 

The mammalian host cells used to produce Apo-2 ligand may be cultured in a variety of 
media. Examples of commercially available media include Ham's F10 (Sigma), Minimal Essential Medium 
30 ("MEM", Sigma), RPMl-1640 (Sigma), and Dulbecco's Modified Eagle's Medium ( M DMEM*\ Sigma). Any 
such media may be supplemented as necessary with hormones and/or other growth factors (such as insulin, 

transferrin, or epidermal growth factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), 

• TM 

buffers (such as HEPES), nucleosides (such as adenosine and thymidine), antibiotics (such as Gentamycin 
drug), trace elements (defined as inorganic compounds usually present at final concentrations in the micromolar 
35 range), and glucose or an equivalent energy source. Any other necessary supplements may also be included 
at appropriate concentrations that would be known to those skilled in the art The culture conditions, such as 
temperature, pH, and the like, are those previously used with the host cell selected for expression, and will be 
apparent to the ordinarily skilled artisan. 
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In general, principles, protocols, and practical techniques for maximizing the productivity 
of mammalian cell cultures can be found in Mammalian Cell PiotqhTmfrrv; A Prated ApPTPKh , M. Butler, 
ed. (IRL Press, 1991). 

The host cells referred to in this disclosure encompass cells in culture as well as cells that 

are within a host animal. 

5. petectin g Getie Amplific atimi/F.xnression 

Gene amplification and/or expression may be measured in a sample directly, for example, 
by conventional Southern blotting, Northern blotting to quantitate the transcription of mRNA [Thomas, ECCC 
Nml Arad ScLUSA. 22:5201-5205 (1980)], dot blotting (DNA analysis), or in situ hybridization, using an 
appropriately labeled probe, based on the sequences provided herein. Various labels may be employed, most 
commonly radioisotopes, and particularly 32 P. However, other techniques may also be employed, such as 
using biotuvmodified nucleotides for introduction into a polynucleotide. The biotin then serves as the she for 
binding to avidrn or antibodies, which may be labeled with a wide variety of labels, such as radionuclides, 
fluoresces or enzymes. Alternatively, antibodies may be employed that can recognize specific duplexes, 
including DNA duplexes, RNA duplexes, and DNA-RNA hybrid duplexes or DNA-protein duplexes. The 
antibodies in turn may be labeled and the assay may be carried out where the duplex is bound to a surface, so 
that upon the formation of duplex on the surface, the presence of antibody bound to the duplex can be 'detected. 

Gene expression, alternatively, may be measured by immunological methods, such as 
immunohistochemkal staining of cells or tissue sections and assay of cell culture or body fluids, to quantitate 
directly the expression of gene product With immunohistochemical staining techniques, a cell sample is 
prepared, typically by dehydration and fixation, followed by reaction with labeled antibodies specific for the 
gene product coupled, where the labels are usually visually detectable, such as enzymatic labels, fluorescent 
labels, luminescent labels, and the like. 

Antibodies useful for immunohistochemical staining and/or assay of sample fluids may be 
either monoclonal or polyclonal, and may be prepared in any mammal. Conveniently, the antibodies may be 
prepared against a native Apo-2 ligand polypeptide or against a synthetic peptide based on the DNA sequences 
provided herein or against exogenous sequence fused to Apo-2 ligand DNA and encoding a specific antibody 
epitope. 

6. Purification o f Apo-2 Li2and Polypeptide 

Apo-2 ligand preferably is recovered from the culture medium as a secreted polypeptide, 
although it also may be recovered from host cell rysates when directly produced without a secretory signal. If 
the Apo-2 ligand is membrane-bound, it can be released from the membrane using a suitable detergent solution 
(<?.g. Triton-X 100) or its extracellular region may be released by enzymatic cleavage. 

When Apo-2 ligand is produced in a recombinant cell other than one of human origin, the 
Apo-2 ligand is free of proteins or polypeptides of human origin. However, it is usually necessary to purify 
Apo-2 ligand from recombinant cell proteins or polypeptides to obtain preparations that are substantially 
homogeneous as to Apo-2 ligand. As a first step, the culture medium or rysate may be centrifuged to remove 
particulate cell debris. Apo-2 ligand thereafter is purified from contaminant soluble proteins and polypeptides, 
with the following procedures being exemplary of suitable purification procedures: by fractionation on an ion- 
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exchange column; ethanol precipitation; reverse phase HPLC; chromatography on silica or on a cation- 
exchange resin such as DEAE; chroraatofocusing; SDS-PAGE; ammonium sulfate precipitation; gel filtration ' 
using, for example. Sephadex G-75; and protein A Sepharose columns to remove contaminants such as IgG. 

In a preferred embodiment, the Apo-2 ligand can be isolated by affinity chromatography, as 

described in Example 3. 

Apo-2 ligand variants in which residues have been deleted, inserted, or substituted are 
recovered in the same fashion as native Apo-2 ligand, taking account of any substantial changes in properties 
occasioned by the variation. For example, preparation of an Apo-2 ligand fusion with another protein or 
polypeptide, e.g., a bacteria! or viral antigen, facilitates purification; an immunoaffinity column containing 
antibody to the antigen can be used to adsorb the fusion polypeptide. In a preferred embodiment, an 
extracellular sequence of Apo-2 ligand is fused to a Hisjq peptide and purified by Ni -chelate affinity 
chromatography. 

A protease inhibitor such as phenyl methyl sulfonyl fluoride (PMSF) also may be useful to 
inhibit proteolytic degradation during purification, and antibiotics may be included to prevent the growth of 
adventitious contaminants. One skilled in the art will appreciate that purification methods suitable for native 
Apo-2 ligand may require modification to account for changes m the character of Apo-2 ligand or its variants 
upon expression in recombinant cell culture. 

7. Covalent Mod ifications of Adq-2 Lieand Polypeptides 

Covalent modifications of Apo-2 ligand are included within the scope of this invention. Both 
native Apo-2 ligand and amino acid sequence variants of the Apo-2 ligand may be covalently modified. One 
type of covalent modification of the Apo-2 ligand is introduced into the molecule by reacting targeted amino 
acid residues of the Apo-2 ligand with an organic derivatizing agent that is capable of reacting with selected 
side chains or the N- or C-terminal residues of the Apo-2 ligand. 

Derivatization with Afunctional agents is useful for crosslinking Apo-2 ligand to a water- 
insoluble support matrix or surface for use in the method for purifying anti- Apo-2 ligand antibodies, and vice- 
versa. Commonly used crosslinking agents include, eg., U-bis(diazoacetyl>2-phenylethane, glutaraldehyde. 
N-hydroxysuccinimide esters, for example, esters with 4-azidosalicylic acid, homobi functional imidoesters, 
including disuccinimidyl esters such as 3,3'-dimiobis(suceinimidylpropionate), and Afunctional maleimides 
such as bis-N-ma1eimido-l,8-octane. Derivatizing agents such as methyl-3-l(p-azidophenyI)dithio]propioimi- 
date yield photoactivatable intermediates that are capable of forming crosslinks in the presence of light. 
Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated carbohydrates and the 
reactive substrates described in U.S. Patent Nos. 3,969,287; 3,691,016; 4,195,128; 4,247,642; 4,229.537; and 
4,330,440 are employed for protein immobilization. 

Other modifications include deamidation of glutaminyl and asparaginyl residues to the 
corresponding glutamyl and aspartyl residues, respectively, hydroxylation of proline and lysine, 
phosphorylation of hydroxyl groups of seryl or threonyl residues, methylalion of the a-amino groups of lysine, 
argininc, and histidine side chains [T.E. Creighton, Proteins: Structure and Molecular Properties, W.H. 
Freeman & Co., San Francisco, pp. 79-86 (1983)], acetylation of the N-tenninal amine, and amidation of any 
C-terminal carboxyl group. The modified forms of the residues fall within the scope of the present invention. 
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Another type of covalent modification of the Apo-2 ligand polypeptide included within the 
scope of this invention comprises altering the native glycosylate pattern of the polypeptide. -Altering the 
native glycosylate pattern" is intended for purposes herein to mean deleting one or more carbohydrate 
moieties found in native Apo-2 ligand, and/or adding one or more glycosylate sites that are not present in the 
native Apc-2 ligand. 

Glycosylate of polypeptides is typically either N-linked or O-linked. N-linked refers to 
the attachment of the carbohydrate moiety to the side chain of an asparagine residue. The tripeptide sequences 
asparagine-X-serinc and asparagine-X-threonine. where X is any amino acid except proline, are the recognition 
sequences for enzymatic attachment of the carbohydrate moiety to the asparagine side chain. Thus, the 
10 pres"^ ofeither of these tripeptide sequences in a polypeptide creates a potential glycosylation she. O-linked 
glycosylate refers to the attachment of one of the sugars N-aceylgalactosamine. galactose, or xylose to a 
hydroxyfemino acid, most commonly serine or threonine, although 5-hydroxyproline or 5-hydroxylysine may 
also be used. 

Addition of glycosylate sites to the Apo-2 ligand polypeptide may be accomplished by 
15 altering the amino acid sequence such that it contains one or more of the above-described tripeptide sequences 
(for N-linked glycosylate sites). The alteration may also be made by the addition of, or substitution by. one 
or more serine or threonine residues to the native Apo-2 ligand sequence (for O-linked glycosylatidn sites). 
The Apo-2 ligand amino acid sequence may optionally be altered through changes at the DNA level, 
particularly by mutating the DNA encoding the Apo-2 ligand polypeptide at preselected bases such that codons 
20 are generated that will translate into the desired amino acids. The DNA mutation(s) may be made using 
methods described above and in U.S. Pat. No. 5,364,934. supra.. 

Another means of increasing the number of carbohydrate moieties on the Apo-2 ligand 
polypeptide is by chemical or enzymatic coupling of glycosides to the polypeptide. Depending on the coupling 
mode used, the sugars) may be attached to (a) arginine and histidine, (b) free carboxyl groups, (c) free 
25 sulfhydryl groups such as those of cysteine, (d) free hydroxyl groups such as those of serine, threonine, or 
hydroxyproline, (e) aromatic residues such as those of phenylalanine, tyrosine, or tryptophan, or (f) the amide 
group of glutamine. These methods are described in WO 87/05330 published 1 1 September 1987. and in Aplin 
"«* wrict™, rp,r- frit Rev. Biochem.. pp. 259-306 (1981). 

Removal of carbohydrate moieties present on the Apo-2 ligand polypeptide may be 
30 accomplished chemically or enzymatically. For instance, chemical deglycosylation by exposing the 
polypeptide to the compound trifluoromethanesulfonic acid, or an equivalent compound can result in the 
cleavage of most or all sugars except the linking sugar (N-acetylglucosamme or N-acetylgalactosamine). while 
leaving the polypeptide intact Chemical deglycosylation is described by Hakimuddin, et al., Arch , Ptochem , 
BjfiBfavi. 222:52 (1987) and by Edge et al.. Anal. Biochem., JI&131 (1981). Enzymatic cleavage of 
35 carbohydrate moieties on polypeptides can be achieved by the use of a variety of endo- and exo-glycosidases 
as described by Thotakura et al., M rth Rnzvmol.. 13J5:350 (1987). 

Glycosylate at potential glycosylate sites may be prevented by the use of the compound 
tunicamycin as described by ,1 1 RiolChem. 257:3 105 (1982). Tunicamycin blocks the formation 

of protein-N-glycoside linkages. 
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Another type of covalent modification of Apo-2 ligand comprises linking the Apo-2 ligand 
polypeptide to one of a variety of nonproteinaceous polymers, e.g., polyethylene glycol, polypropylene glycol, 
or polyoxyalkylenes, in the manner set forth, for instance, in U.S. Patent Nos. 4,640.835; 4,496,689: 4.30 1,144; 
4,670,417; 4,791,192 or 4,179,337. 
5 8. F pirnpe-tag^ ed Apo-2 Ligand 

The present invention also provides chimeric polypeptides comprising Apo-2 ligand fused 
to another, heterologous polypeptide. In one embodiment, the chimeric polypeptide comprises a fusion of the 
Apo-2 ligand with a tag polypeptide which provides an epitope to which an anti-tag antibody can selectively 
bind. The epitope tag is generally placed at the amino- or carboxyl- terminus of the Apo-2 ligand. The 
10 presence of such epitope-tagged forms of the Apo-2 ligand can be detected using an antibody against the tag 
polypeptide. Also, provision of the epitope tag enables the Apo-2 ligand to be readily purified by affinity 
purification using an anti-tag antibody or another type of affinity matrix that binds to the epitope tag. 

Various tag polypeptides and their respective antibodies are well known in the art. Examples 
include the flu HA tag polypeptide and its antibody 12CA5 [Field et al, Mol. Cell. Biol. 1:2159-2165 (1988)]; 
1 5 the c-myc tag and the 8F9, 3C7, 6E10, G4, B7 and 9E10 antibodies thereto [Evan et al., Mttkttilarand Cellular 
fiiojflgy, 5:3610-3616 (1985)]; and the Herpes Simplex virus glycoprotein D (gD) tag and its antibody 
rpaborsky et al., Protein Engineering. 2(6):547-553 (1990)]. Other tag polypeptides include the Flag-~peptide 
[Hopp et al. RioTechnologv . fi: 1204-1210 (1988)1; the KT3 epitope peptide [Martin et al.. Science. 255:192- 
194 (1992)]; an a-tubulin epitope peptide [Skinner et al., L.,Bi ol, Cfom, , 2££1 5163-1 5 166 (1991)]; and the 
20 T7 gene 1 0 protein peptide tag [Lutz-Freyermuth et al., Prftv, Natl. Acad, Scj, USA. 52:6393-6397 ( 1 990)]. 
Once the tag polypeptide has been selected, an antibody thereto can be generated using the techniques disclosed 
herein. 

Generally, epitope-tagged Apo-2 ligand may be constructed and produced according to the 
methods described above for native and variant Apo-2 ligand. Apo-2 ligand-tag polypeptide fusions are 
25 preferably constructed by fusing the cDNA sequence encoding the Apo-2 ligand portion in-frame to the tag 
polypeptide DNA sequence and expressing the resultant DNA fusion construct in appropriate host cells. 
Ordinarily, when preparing the Apo-2 ligand-tag polypeptide chimeras of the present invention, nucleic acid 
encoding the Apo-2 ligand will be fused at its 3' end to nucleic acid encoding the N-terminus of the tag 
polypeptide, however 5' fusions are also possible. Examples of epitope-tagged Apo-2 ligand are described in 

30 further detail in Example 2 below. 

Epitope-tagged Apo-2 ligand can be purified by affinity chromatography using the anti-tag 
antibody. The matrix to which the affinity antibody is attached may include, for instance, agarose, controlled 
pore glass or poly(styrenedivinyl)benzene). The epitope-tagged Apo-2 ligand can then be eluted from the 
affinity column using techniques known in the art. 

35 B. Thff"»pe utic Uses for Ano-2 Lieand 

Apo-2 ligand, as disclosed in the present specification, can be employed therapeutically to 
induce apoptosis in mammalian cells. Generally, the methods for inducing apoptosis in mammalian cells 
comprise exposing the cells to an effective amount of Apo-2 ligand. This can be accomplished in vivo or ex 
vivo in accordance, for instance, with the methods described below and in the Examples. It is contemplated 
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,he skilled practitioner. Preparation and dosing schedules for such chemotherapy are also described in 
Chemotherapy Service Ed., M.C. Perry. Williams & Wilkms, Baltimore. MD (1992). 

The chemotherapy is preferably administered in a phannaceutically-acceptable carrier, such 
as those described above for Apo-2 ligand. The mode of administration of the chemotherapy may be the same 
as employed for the Apo-2 ligand or it may be administered to the mammal via a different mode. For example, 
the Apo-2 ligand may be injected while the chemotherapy is administered orally to the mammal. Modes of 
administering chemotherapy in combination with Apo-2 ligand are described in farther detail in Examples 9-12 
below. 

Radiation therapy can be administered to the mammal according to protocols commonly 
10 employed in the art and known to the skilled artisan. Such therapy may include cesium, iridium, iodine, or 
cobah radiation. The radiation therapy may be whole body irradiation, or may be directed locally to a specific 
site or tissue in or on the body. Typically, radiation therapy is administered in pulses over a period of time 
from about 1 to about 2 weeks. The radiation therapy may. however, be administered over longer periods of 
time. Optionally, the radiation therapy may be administered as a single dose or as multiple, sequential doses. 

The Apo-2 ligand and one or more other therapies may be administered to the mammal 
concurrently or sequentially. Following administration of Apo-2 ligand and one or more other therapies to the 
mammal, the mammal's cancer and physiological condition can be monitored in various ways well known to 
the skilled practitioner. For instance, tumor mass may be observed physically, by biopsy or by standard x-ray 
imaging techniques. 

20 |( is contemplated that Apo-2 ligand can be employed to treat cancer cells ex vivo. Such ex 

vivo treatment may be useful in bone marrow transplantation and particularly, autologous bone marrow 
transplantation. For instance, treatment of cells or tissue(s) containing cancer cells with Apo-2 ligand. and 
optionally, with one or more other therapies, such as described above, can be employed to induce apoptosis 
and substantially deplete the cancer cells prior to transplantation in a recipient mammal. 

25 cells or ussue(s) containing cancer cells are first obtained from a donor mammal. The cells 

or tissues) may be obtained surgically and preferably, are obtained aseptically. In the method of treating bone 
marrow for transplantation, bone marrow is obtained from the mammal by needle aspiration. The cells or 
tissues) containing cancer cells are then treated with Apo-2 ligand, and optionally, with one or more other 
therapies, such as described above. Bone marrow is preferably fractionated to obtain a mononuclear cell 

30 fraction (such as by centrifugation over ficoll-hypaque gradient) prior to treatment with Apo-2 ligand. 

The treated cells or tissues) can then be infused or transplanted into a recipient mammal. 
The recipient mammal may be the same individual as the donor mammal or may be another, heterologous 
mammal. For an autologous bone marrow transplant, the mammal is treated prior to the transplant with an 
effective dose of radiation or chemotherapy as known in the art and described for example in AfltotMfflB BOM 

35 Ma,™ Transnlentatin v Pr^i™ nf the Third International SYTVlPv?i"m, Dicke et al. eds.. University of 
Texas M.D. Anderson Hospital and Tumor Institute (1987). 
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C. Nftn-Theraneutir I frrs for ApO-2 LiCT«4 

The Apo-2 ligand of the invention ako has utility in non-therapeutic applications. Nuck.c 
acid sequences encoding the Apo-2 ligand may be used as a diagnostic for tissue-specific typing. For example, 
procedures like in situ hybridization. Northern and Southern blotting, and PCR analysis may be used to 
5 determine whether DNA and/or KNA encoding Apo-2 ligand is present in the cell ty P e(s) being evaluated. 
Apo-2 ligand nucleic acid will also be useful for the preparation of Apo-2 polypeptide by the recombinant 

techniques described herein. 

The isolated Apo-2 ligand may be used in quantitative diagnostic assays as a control against 
which samples containing unknown quantities of Apo-2 ligand may be prepared. Apo-2 ligand preparations 
,0 are also useful in generating antibodies, as standards in assays for Apo-2 ligand (eg., by labeling Apo-2 ligand 
for use as a standard in a radioimmunoassay, radioreceptor assay, or enzyme-linked immunoassay), in affinity 
purification techniques for example, in identifying or in isolating a receptor that binds Apo-2 ligand, and in ' 
competitive-type receptor binding assays when labeled with, for instance, radioiodine, enzymes, or 
fluorophores. 

l5 Nucleic acids which encode Apo-2 ligand can also be used to generate either transgenic 

animals or "knock out" animals which, in turn, are useful in the development and screening of therapeutically 
useful reagents. A transgenic animal (e.g.. a mouse or rat) is an animal having cells that contain a transgene. 
which transgenc was introduced into the animal or an ancestor of the animal at a prenatal, e.g., an embryonic 
stage. A transgene is a DNA which is integrated into the genome of a cell from which a transgenic animal 
20 develops. In one embodiment, cDNA encoding Apo-2 ligand or an appropriate sequence thereof can be used 
to clone genomic DNA encoding Apo-2 ligand in accordance with established techniques and the genomic 
sequences used to generate transgenic animals that contain cells which express DNA encoding Apo-2 ligand. 
Memods for generating transgenic animals, particularly animals such as mice or rats, have become conventional 
in the art and are described, for example, in U.S. Patent Nos. 4.736,866 and 4,870,009. Typically, particular 
25 cells would be targeted for Apo-2 ligand transgene incorporation with tissue-specific enhancers. Transgenic 
animals that include a copy of a transgene encoding Apo-2 ligand introduced into the germ line of the animal 
at an embryonic stage can be used to examine the effect of increased expression of DNA encoding Apo-2 
ligand. 

Alternatively, non-human homologues of Apo-2 ligand can be used to construct a Apo-2 
30 ligand "knock out' animal which has a defective or altered gene encoding Apo-2 ligand as a result of 
homologous recombination between the endogenous gene encoding Apo-2 ligand and altered genomic DNA 
encoding Apo-2 ligand introduced into an embryonic cell of the animal. For example, cDNA encoding Apo-2 
ligand can be used to clone genomic DNA encoding Apo-2 ligand in accordance with established techniques. 
A portion of the genomic DNA encoding Apo-2 ligand can be deleted or replaced with another gene, such as 
35 a gene encoding a selectable maricer which can be used to monitor integration. Typically, several kilobases 
of unaltered flanking DNA (both at the S< and 3 1 ends) are included in the vector [see e.g.. Thomas and 
Capecchi, £eJL 51:503 (1987) for a description of homologous recombination vectors]. The vector is 
introduced into an embryonic stem cell line (e.g., by electroporatkm) and cells m which the introduced DNA 
has homologously recombincd with the endogenous DNA are selected [see e.g., Li et al., £ejl. 62:9 1 5 (1992)]. 



-23- 



PCT/US97/00272 

WO 97/25428 

The selected cells are then injected into a blastocyst of an animal (e.g., a mouse or rat) to form aggregation 
chimeras [see e.g.. Bradley, in Teratocarcinomas and Embryonic Stem Cells: A Practical Approach, E. J. 
Robertson, ed. (IRL Oxford, 1987), pp. 1 13-152]. A chimeric embryo can then be implanted into a suitable 
pseudopregnant female foster animal and the embryo brought to term to create a "knock out" animal. Progeny 

5 harboring the homologously recombined DMA in their germ cells can be identified by standard techniques and 
used to breed animals in which all cells of the animal contain the homologously recombined DNA. Knockout 
animals can be characterized for instance, for their ability to defend against certain pathological conditions and 
for their development of pathological conditions due to absence of the Apo-2 ligand polypeptide. 
D. Anti-Apo-2 Ltf and Antibody fteoaja tion, 

, 0 The present invention further provides anti-Apo-2 antibodies. Antibodies against Apo-2 

ligand may be prepared as follows. Exemplary antibodies include polyclonal, monoclonal, humanized, 
bispecific. and heteroconjugate antibodies. 

1. polygonal Antibodies 

The Apo-2 ligand antibodies may comprise polyclonal antibodies. Methods of preparing 
15 polyclonal antibodies are known to the skilled artisan. Polyclonal antibodies can be raised in a mammal, for 
example, by one or more injections of an immunizing agent and, if desired, an adjuvant. Typically, the 
immunizing agent and/or adjuvant will be injected in the mammal by multiple subcutaneous or intraperitoneal 
injections. The immunizing agent may include the Apo-2 ligand polypeptide or a fusion protein thereof. It may 
be useful to conjugate the immunizing agent to a protein known to be immunogenic in the mammal being 
20 immunized. Examples of such immunogenic proteins which may be employed include but are not limited to 
keyhole limpet hemocyanin. serum albumin, bovine thyroglobulin, and soybean trypsin inhibitor. An 
aggregating agent such as alum may also be employed to enhance the mammal's immune response. Examples 
of adjuvants which may be employed include Freund's complete adjuvant and M PL-TDM adjuvant 
(monophosphoryl Lipid A. synthetic trehalose dicorynomycolate). The immunization protocol may be selected 
25 by one skilled in the art without undue experimentation. The mammal can then be bled, and the serum assayed 
for antibody titer. If desired, the mammal can be boosted until the antibody titer increases or plateaus. 

2. MpnnHonal Antibodies 

The Apo-2 ligand antibodies may, alternatively, be monoclonal antibodies. Monoclonal 
antibodies may be prepared using hybridoma methods, such as those described by Kohler and Milstein, Najars. 
30 2ifi:495 (1975). In a hybridoma method, a mouse, hamster, or other appropriate host animal, is typically 
immunized (such as described above) with an immunizing agent to elicit lymphocytes that produce or are 
capable of producing antibodies that will specifically bind to the immunizing agent. Alternatively, the 

lymphocytes may be immunized in vitro. 

The immunizing agent will typically include the Apo-2 ligand polypeptide or a fusion protein 
35 thereof. Cells expressing Apo-2 ligand at their surface may also be employed. Generally, either peripheral 
blood lymphocytes ("PBLs") are used if cells of human origin are desired, or spleen cells or lymph node cells 
are used if non-human mammalian sources are desired. The lymphocytes are then fused with an immortalized 
cell line using a suitable fusing agent, such as polyethylene glycol, to form a hybridoma cell [Coding. 
Mnn^l Antibodies - a nd Practice. Academic Press, (1986) pp. 59-103]. Immortalized cell lines 
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m usually transform*. mammalian ce.U, particularly myeloma cells of rodent, bovine and human ongm. 
UsuaI1 y. rat or mouse myeloma ceU lines are employed. The hybridoma cells may be cuhurcd in a su.caWe 
cu.ture medium that preferably contains one or more substances that inhibit the growth or surv,va. of the 
unfuse* immortalized cel.s. For example, if the parenta. ce.U lack the enzyme hypoxanthine ^ guanrne 
phosph^W transferase (HGPRT W HPRnmecu.hn,mediumfor^ 

hvpoxanmine,™^^ 
deficient cells. 

Preferred immortalized cell lines are those that fuse efficiently, support stable h.gh level 
expression of antibody by the selected anubody-producing cells, and are sensitive to a medium such as HAT 
medium More preferred immortalized cell lines are murine myeloma lines, which can be obtamed. for 
iP^ce from the Salk Institute Cell Distribution Center. San Diego, California and rhe Amencan Type Cu.ture 
Col.ection.RcKkvil.e.Nta^ 
des crib<rffor*eproduc^^ 

rt al .. r1rnr t ~. An,.Wv Portion Technics Mid Arthrfm Marcel Dekker, Inc.. New York. (1987) 

15 pp. 51-63J. , e . 

The culture medium in which the hybridoma cells are cultured can then be assayed for the 

presence of monoclonal antibodies directed against Apo-2 ligand. Preferably, the binding specific* ty of 
monocl<mlantibc4i e sr*odu^^ 

binding assay, such as radioimmunoassay (R1A). fluorescein activated cel. sorting (FACS) or enzyme-linked 
20 immunoabsorbent assay (ELISA). Such techniques and assays are known in the art, and are described Archer 
in.heExamp.esbe.cw. The binding affinity of the monoclonal antibody can. for examp.e, be determmed by 
the Scatchard analysis of Munson and Rodbard, Apa|. fiipcherp ., Wl :220 ( ,980 >- 

After the desired hybridoma cells are identified, the clones may be subcloned by hm.tmg 
dilution procedures and grown by standard methods [Goding. SUP*]. Suhab.e culture media for this purpose 
inch* for exam P .e. Dulbecco's Modified Eagle's Medium and RPM.-.640 medium. Alternatively, the 
hybridoma cells may be grown in vivo as ascites in a mammal. 

The monoclonal antibodies secreted by the subclones may be isolated or purified from the 
cuhure medium or ascites fluid by conventional immunog.obu.in purification procedures such as. for examp.e. 
protein A-Sepharose. hydroxy.apatite chromatography, ge. e.ectrophoresis. dialysis, or affin.ty 
30 chromatography. 

In one embodiment of the invention, the monoclonal antibodies may mclude the 1D1. 2G6. 
2B1I or 5C2 antibodies described herein and in the Examp.es be.ow. The monoclonal antibodies may also 
inc.ude antibodies having the same bio.ogica. characteristics as the ID.. 2G6. 2E. I. or 5C2 monoclona. 
antibodies secreted by the hybridoma ce.. Unes deposHed under American Type Cuhure Collection Access.on 

35 Nos ATCC , , « . respectively. The term "biological characteristics" is used 

torcfer to fte^ro and/inactivities of ft. monoclonal antibody. e.g.. ability to subsuntiaUy reduce 
or inhibit Apo-2 Hgand-induced apoptosis or substantially reduce or b.ock binding of Apo-2 .igand to ,ts 
receptor. The antibody preferably binds to the same epitope as. or to substantially the same ep.tope as. the 
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1D1. 2G6. 2E1 1, or 5C2 antibodies disclosed herein. Tins can be detennined by conducting assays described 

herein and in the Examples. 

The monoclonal antibodies may also be made by recombinant DN A methods, such as those 
described in U.S. Patent No. 4.816,567. DNA encoding the monoclonal antibodies of the invention can be 
5 readily isolated and sequenced using conventional procedures (e.g.. by using oligonucleotide probes that are 
capable of binding specifically to genes encoding the heavy and light chains of murine antibodies). The 
hybridoma cells of the invention serve as a preferred source of such DNA. Once isolated, the DNA may be 
placed into expression vectors, which are then transfected into host cells such as simian COS cells. Chinese 
hamster ovary (CHO) cells, or myeloma cells that do not otherwise produce immunoglobulin protein, to obtain 
,0 the synthesis of monoclonal antibodies in the recombinant host cells. The DNA also may be modified, for 
example, by substituting the coding sequence for human heavy and light chain constant domains in place of 
the homologous murine sequences IU.S. Patent No. 4.8 1 6.567; Morrison et aL.su^c* by covalendy joining 
to the immunoglobulin coding sequence all or part of the coding sequence for a non-immunoglobulin 
polypeptide. Such a non-immunoglobulin polypeptide can be substituted for the constant domains of an 
15 antibody of the invention, or can be substituted forthe variable domains of one antigen-combining site of an 
antibody of the invention to create a chimeric bivalent antibody. 

The antibodies may be monovalent antibodies. Methods for prepare monovalent antibodies 
are well known in the art. For example, one method involves recombinant expression of immunoglobulin light 
chain and modified heavy chain. The heavy chain is truncated generally at any point in the Fc region so as to 
20 prevent heavy chain crosslinking. Alternatively, the relevant cysteine residues are substituted with another 
amino acid residue or are deleted so as to prevent crosslinking. 

In vitro methods are also suitable for preparing monovalent antibodies. Digestion of 
antibodies to produce fragments thereof, particularly, Fab fragments, can be accomplished using routine 
techniques known in the art. For instancy digestion can be performed using papain. Examples of papam 
25 digestion are described in WO 94/29348 published 1202/94 and U.S. Patent No. 4.342,566. Papain digesuon 
of antibodies typically produces two identical antigen binding fragments, called Fab fragments, each w«h a 
single antigen binding site, and a residua. Fc fragment. Pepsin treatment yields an FC*), fragment that has 
two antigen combining sites and is still capable of cross-linking antigen. 

The Fab fragments produced in the antibody digestion also contain the constant domains of 
30 the light chain and the firs, consumt domain (CH,) of the heavy chain. Fab' fragments differ from Fab 
fiagments by the addition ofafew residues at thecartoxy tenninus of me heavy chain CH, domain mcludtng 
one or more cysteines from the antibody hinge region. Fab'-SH is the designation herein for Fab' in which the 
cysteine residues) of the constant domains bear a fixe thiol group. Ffrtffe antibody fragments originally were 
produced as pairs of Fab" fragments which have hinge cysteines between them. Other chemical couplmgs of 
35 antibody fragments are also known. 

3. Hlin aniTffd Antibodfe* 

The Apc-2 ligand antibodies of the invention may further comprise humanized antibodies 
orhuman antibodies. Humanized forms of non-human (e.g. murine) antibodies are chimeric immunoglobulins, 
immunoglobulin chains or fragments thereof (such as Fv. Fab, Fab'. F(ab-) 2 or other antigen-bindmg 
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^pto^n, dm ™"^ ITIlTm « ■»» ta*. >"**> - 

*, -** « - *. » <* «" h ^ „, „ 

antibody optimally also will compose at least a poruon of an .mmunog ^ 
aniioooyopui j S 22-525( 1986); Reichmann et al. Maws. 222-323- 

U„,ofah.m,animmunogl<>bul m [Jon^^ J. 

UUflDim u.i.1 Prr-ln TlTT <Y ^t. Biol.. 2.S93-S96 (1992)]. 

329 (1V8»>, ana n««i, ivn. -i known in the art. Generally, a 

Methods for humanizing non-human ant.bod.es are well known mm 

„ r^idues introduced into it from a source whit* is non-human. 

„■*,«•.«***>»*• H« M -»«-t»--^f- fc - ^,-523.327 (198.): 

r^=rrr 

25 residues from analogous sites in rodent ant.bod.es. ^ 
The choice of human variable downs, both hght and heavy. 

sequence 01 in m (j then accepted ^ the 

variable domain sequences. The human sequence wh,ch .s closest to that „ 
,o human framework (FR) for the humanized antibody [Sims et aL. UsmwL 111-2296 (1993), Choth. 

Anomecmethodusesapani^^deHvedfromu.^ 

Lesk J . MPi- BHH.. J3B- , u - ... f nr heavv chains. The same framework may 

sequence of all human antibodies of a particular subgroup ofhgh, or heavy cha.ns 

Tu^forseveraldifTe^ 
Prestaetal, LJlDJDiinfiL 111^623 (1993)J. 

is further important mat antibodies be humanized with retenfon of h.gh affmUy for the 

antigenandoO.erfavorablebio.ogicalpropenies. 
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Computer programs are available which illustrate and display probable three-dimensional conforms. 

of selected candidate immunoglobulin sequences. Inspection of these displays permits analys.s of 
,he likely role of the residues in the functioning of the candidate immunoglobulin sequence. i.e.. the analyse 
of residues that influence the ability of the candidate immunoglobulin, to bind its antigen. In this way. FR 
5 residues can be sc.cc.ed and combined from the consensus and import sequence so mat the desired anubody 
characteristic, such a, increased affinity for the target an,ige„(sX is achieved. In general, me CDR residues are 
dtefly and most substantially involved in influencing anugen binding [see. WO 94/04679 published 3 March 

,994 1- _ , . ... 

Transgenic animals (e.g.. mice) that are capable, upon immunization, of producing a full 

,0 repertoircofhumanantibodiesmmea^^ 

For example it has been described that the homozygous deletion of the antibody heavy chain joimngregton 
(Jll ) gene in chimeric and germ-line mutant mice results in complete inhibition of endogenous ant.body 
production. Transfer of the human germ-line immunoglobulin gene array hi such genn-line mutant rmce w,.l 
result in the production of human antibodies upon antigen challenge [see, e.g.. Jakobovits et al.. ElfiSJialL 

15 AebLSeLUSA. 2Q:255 1-255 (1993); jakobovits et al.. tJatJH£. 262:255-258 ( 1993); Bruggermann et al, Uar 
inJmmunc, 2:33 (1993)). Human antibodies can also be produced in phage display libraries IHoogenboom 
and Winter. 1^1^1.222:38, (.991); Markset a... 01^.221:581 (.99.)]. The techniques of 
Cote et al and Bocmcr et al. are also available for the preparation of human monoclonal antibod.es (Cote e, 

■L. MunnrlnniH ftntnmiBi ■ A,an R Liss > p 77 ° 985) - d " ** LJML 

20 MttD:86-95(1991)]. 

A. pfovrifir. Antibodies 

Bispecific antibodies are monoclonal, preferably human or humanized, antibodies that have 
binding specificities for at least two different antigen, In the present case, or* of the binding specificities is 
fortheApo-2.igand, the other one is for any other antigen, and preferably for a cell-surface protein or receptor 

25 or receptor subunit. 

M e*KKbfbrm*ingWsp«f«« 
production of bispecific antibodies is based on the co-expression of two immunoglobulin heavy-chain/light- 

(1983)] Because of the random assortment of immunoglobulin heavy and light chains, these hybr.domas 
(quadromas) produce , potential mixture of ten different amibedy molecules, ofwhich only one has the correct 
bispecific structure. Tbe purification of the correct molecule is usually accomplished by affimty 
chromatography step, Similar procedures are disclosed in WO 93/08829, published !3May 1993. and in 
Traunecker et al., EMBOJ.. lQ:3655-3659 (1991). 

According to a different and more preferred approach, antibody variable domains with the 

desiredbindmgsr^ifici^^ 

sequences. The fusion preferably is w.th an immunoglobulin heavy-chain constant domain, comprising a, .east 
par, of the hinge, CH2. and CH3 regions. It is preferred to have the first heavy-chain constant reg.on (CH I ) 
containing the site necessary for light-chain binding present in at least one of the fusion, DN As encoding the 
immunoglobulin heavy-chain fusions and, if desired, the immunoglobulin light chain, are inserted into separate 
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^ three peptide chau* used ,n the ^ ^ ^ when ^ 

insert the coding seances for .wo or a., three polyp* ^ . lghyieldsorwhe „ the ratios are of no 

5 expressionofatleasttwor^^ 

^arsi^ficancc. I» a preferred embodiment of th* approach, the 

7a hvbrid — * — cha, a Hrst ^^^^L^ ^ 
— -pound from 
foun d that this as^c structure facilitates *e ^^^1^ 
10 un _d — approac^d^dinWO- 
half of the bispecific molecule prov.de, for a facie way > , e . 

94/04690 published 3 March 1994. For further de,a,ls of generating b^flc annbod 
Suresh e« al.. M i lbi ! d i jD_En 2 yii 1 ^ 121=210 (1986). 

. i xi^re 144 945 (1962); David et al, PTOtlcmiStrV. 12 ™" U» '">■ 
described by Hunter et aUMaJurs, JM-^Mi^;. ■ Jf w<n7M982) 
. M „h 40-219 (1981V and Nygren, J HWhnn aiUlCvTWhcm- 2Q-407 (1982). 

„ ce„ clrc or - sources^ * ^^^^ 
i-obn^asu^^^ 

Tbe immobilized antibody then is contacted with a sample contammg the Apo-2 g 
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hereafter me suppo ^ ^ $upport „ washed 

^ i lt J in,.! recentor or for expression cloning of an Apo-2 
are useful for the affinity purification ofasolubihzed Apo-2 receptor P 

^ The antibodies diseased herein may also be emp.oy* as therapeutics. For instance, an* 

Apo . 2 , iga nd antibodies which bio* Apo-2 ,i E and activity ^^"^^.T"*^ 



sups] 
10 F. 



15 



20 



25 



con»mmgApo-2,igand<>rA^^ 
iZic^onsdescribedabove. 

JZL — include, for example, bott.es, via,, and test tube, The containers may be ormed ^rn 

directions for either ft. vivo or in vitro use. such as those described above, 
d ore nekUo r m ei„ventionwi^ 

^othercontainerscom^ 

diluent, filter, needle, syringes, and package insert ; with instructions for use. 

T* folloZeZple'l offered for H.ustrative purposes only, and are not intended to 
limit the scone of the present invention in any way. 



entirety. 
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All restriction en^mes referred to in the examples were purchased from New Engfcnd 

Biolabsandusedeccord^^ 
tointheexamp.es were 

of those ce,U identified in the fo.lowing examp.es, and throughout the speoficat.on. by ATCC access.on 
numbers is Ac American Type Culture Collection, Rockville, Maryland. 

p.Y AMPLE 1 

Ua lati g r^ £ . rPri A nwin Fnrw l inf Human Apo-2 Lieand 

To isolate a full-length cDNA for Apo-2 .igand. , lambda gtl . bactenophage hbrary o 

by hybridization with synthetic oligonuc.eot.de probes based on an EST sequ < 
HHEA^M^whichshowedsomedegreeofhomologyto human Fas/Apo-1 hgand. The EST sequence o 
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W097/154J8 ^ t0 a 34 amino acid region of 

HHEA47M is 390 bp and when translated in its + 3 frame, hows 
^Ape-Hisand. The sequence of HHEA47M is as follows. 

GGGACCCCAATGACGAAGAGAfiTATGAA 

CAGCrCGTTAGAAAGATGATmGAGAACCTC^C GAGTAGC AGCTCACATAACT, 
TCGATTTCAGGAGG 

, SEQ1DW0.3 was emp loyed in the screening: 



20 SEQlDNO:5 



25 were 



Hybridization was conducted as described above^ 8mpHfied by polymerase chain reaction 

Four resulting positive clones were identine tfma , rial restriction site and 

analysis of these clones demonstrated that they were esse 
5' region. . „ n{ Aoo .2 linand is shown in Figure 1 A. 

7.63. There is no apparent signal sequence 



open 

35 
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* XcArA the presence of a hydrophobic region between residues is ana hv 

• -i ♦ H,tr«iHii* 109 in the putative extracellular domain. 

2$2.2l w jj. homology to other TNF 

h the predicted connecting loops. It was found that Apo-2 *£«h « 
fenily members in its putative P strand regions, as compared to homology m the pred 

F XfrMPLE2 

E Wfflfrn ftf Hwnan Am> " 2 Ljgwi 
A FnlMffn c th cP >! rjntistnict 

Ar U„-,e«gthApo-2,iga„dcDNA .used toamyc epitope ug Was co„stn,c^ as fo^w. 
The Ano-2 ligand cDNA insert was excise, from the parental pGEM-T Apo-2 ligand p.asm.d (desenbed 

believed to be a type 11 transmembrane protein. 
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B ECEiusisaLQffiSfil^S rFCir , fusion constructs were prepaid. 

Two soluble Apo-2 ligand extracellular domain ( ^ V^* j ligand. 

. rvvi a 1.01 ?q M984V Pennica ct al„ DTK. r'flvi n 

p,b«*y « rrfflrinPtiniwnnt, J-*" ! » <"™" 

LysTyrAtaU«AlaAspAiaberucuw 

Asp Gin 
SEQlDNO:7 

„ „ 42 81 of Apo-2 ligand wHhm a P RK5 mammalian expression plasmid. - 
wer e fosed upareamtocodons .14-281 of Apo-2 g p (Genenttch , prepared substantially as 

oescribedml^ky eta... 5^221.209 2 12(1 »^ ^ ^ ^ prod uc. was us^d as 

tothe3-regionofthe B Dse^enc*aswenastocodons ^ ^ ligand ^oding region in a 

a 5' primer along with a * primer complementary to ^ product, encoding the 

5 subs^PCRmwn^^^ 

g D-Apo-2 ligand BCD fusion was then subcloned mto a p*K5 plasm.d 

ligand BCD. , 573) were transiently transfected with the 

^. w to pdU* w«« « PBS -< ta a oto«diogtai*y- 

— — 7,t;r^r^ — * -* 

35 SEQ1DNO* ^in . bacu.ovirus expression plasmid ( P VL1392, 

was fused upstream to codons 114-281 otAoo-z g amnli f ie d by PCR from the parent P RK5 
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WO07/25428 n wlft pnme« complement^ «o the V and 3' regions which 

Apo-2 ligand plasm* (described ut Example 1) • ^ ^ 

^corporate flanking Wde, and BamH. restrict sues ^ was ^ exciscd by digestion 

with Ndel and BamHl and subcloned into a modified Hist a tag and enterokinase cleavage site. 

5 avai^m^)^ 

Recombinant baculovmis was generated by r/ y fl f"Sf9") cells (ATCC CRL 17.1 1) 

, d Bac.oCo,d™v^^ 

u$ing Hpofeain (commercially available from ^^^.^^^^ 
as described in Example 3 below. 

EXAMELEJi 

column W aswashedtobasel.neA 280 w.thloadu,gD , 3fl0 mM NaCU 0% Glycerol, pH 

thecolumn was wa^edw. a s^ndary wash bu.er ^ again> thc column was 
25 6 .0), which elutednonspecifcally bound prote n. ^emn&ary wash buffer. One mL fractions were 
cevdoped with a 0 to 500 mM .midazole grad.ent ,n the whh n ^nTA~4»*- to 

J . . . v cnS-PAGE and silver staining or western blot witn n 
collected and analyzed by SDS-PAUfc an . * p0 _ 2 ligan d protein were pooled and 

afcaKne phosphate (Qiagen). Fractions contammg the e.uted H.s.o Apo-2 « 

30 .H^lvzed.andusedascontrolforthepurifiedhumanApo-2. 

ID, lane 3); pro'*" 1 sequence ^ „i pnMly «!»-« 
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dimers and monomers in the presence of SDS. 

EXAMELEjI 

using several human lymphoid cell luies. Inaflrststu y. „ - nhcra i blood B cells, was examined, The 

eithe, a media «-* M«* <' ^ " , Cm . ^,,47-1756(19*.); 

fnonoeionsl antibody, CH 1 1 (1 ^^^j'^Si, 

commercially available from Medical and Biological Laboratories Co.t Toe ™ 

agonistic an ''^*^''^^^^ , ^|^^^^^^^|^'^^ cdlelted onto cytospin glass slides, "^^j 0 * 0 ^*^^ 

.. j .t. on mils as «ellas on Riji cells ("O"""' 6 ™*"" 
meeHeetsoftbeApo-Jl^d"*'' 0 "" 1 -""*" „,.„ , TCCT1B 1S2) 

« mine ATCCCCL«6)»«Jo*.tccll.(ho»»-^Tc«Ukol t «n..ac«ni»e>TCCT.BIS ) 

lymphon.aBc.IN.niATCCCCL.SMan . ™ rfme d. osing established eritcti. for apoplot.c 

^^n^^-^rr^ '"^Tg.^anoe.inV.po^^ 
««. washed. s^«»"^"^* W ^'^^ Pl „d»nexia V staining 

30 3) rep-nt « - «»'•■ T"-. V rTTl , J , ^ pHmaHl, c.Us „ <. 

.pop».ice.l to P.-posai.e.an«,inV.pos,,,ve«e«lU(n^.2) p 

as a marked increase in uptake of PI (Fig- A , „, j 0y The Ap=-2 ligand ittdoeed a 

35 ^Wenrsults^obtmnedwim..^ The 
sin* resp^se in the « -i ~ - *" " ^by 

thecen^t.th.anti.Apc-l -tltc*...**™-™* ' 
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u^H o v 10 6 cells/well) for 6 hours with a media 

centre, or Apo-2 ligand (3 ,g/m«. P^d - ^ DN A ^ were subjected 

„ a inheted with ^P-ddATP using teiminal transferase. The labeled un p 
.hc cells and labeled w,«h » autorafli ography IMoore et al.. Cm******, 

to electrophoresis on 2% agarose gels and * ijmw-nal DNA rragrnentation in both the Jurkat cells and - 

_ iii „ooMl The Apo-2 ligand induced tntemucleosomal DNA tragmen 

„ tattoo*. ««•(>>■'<> _. homtoMh< ,„ rs .F.».>™s*«l~»^*'"»>' tol 

• Cv ,,mntettfor a period of time ranging from 0 hours 10 m- 

inExamp.eByThenumbersofdea ^^Ww- 
above. The results are illustrated u,F.g.3B. Speafc apopt f « occurre d 

20 (approximately 1 0 to 30 nM). 

1 PP EXAMELE1 

AjJ0ja oiicJ*^^ 
TneeffectofApo-2. ig andonhumanno,^^ 

The effect otApo-z i B rcL 22V ME* 180 (derived from 

B ^c.H^H.U,^^^-"— .*TCCHT=», ; 

, ATTPHTB 33V MCF7 (derived from human orcasi i^. 
human cerv.cal carcinoma, ATCC ATrr rR L 1593V A549 (derived from human lung 

carcinoma. ATCCCCL 1 85). and 293 6 M ^ , jne werc incuba ted for 24 hours 

ATCC CCL 1573). ln « he of anti . Ap0 .i monoclonal 

10 w ithamediacontroUAr^21iga«l(3;«/ml.prer^asdescnt>edui P * 

described 

anu^y.CH.H.^.Fo.lowmgtheincubation.a^ ' 
in Example 4. THe results are shown below in Table 1. 
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Cell line 



Control 



] f yipphoid 
9D 
Raji 
Jurkat 



HeLa 

MCF7 

U-937 

A549 

ME- 180 

293 



22.5 
35.9 
5.9 



TABLE 1 
% apoptotic cells 



Apo-2L 



Anti-Apo-1 Ab 



92.4 
73.4 
77.0 



90.8 
83.7 
18.1 



25 



5.3 

39.9 

3.6 

16.5 

8.6 

123 



18.6 
473 
62.3 
74.6 
80.7 
12.2 



17.9 
44.0 
16.6 
25.1 
9.9 
16.7 



, 11 nd MCF7 cells were equally sensitive to induction of apoptos,s by Apo-2 
The HeLa cells and MCF7 cells were q ^ 

^ th. CHI 1 anti-Apo-1 antibody. In contrast, the U-937 cells 
ligand as compared to the CHU ant, a P ^ ME . 18 0 cells were quite sensitive 

fam ^ This UK U * - - -"J" U „„, Bx^p, 1 b** 

pX^MPLE6 

50 ^Lr T "ir^r^;^^o m ^,-c, RL ^ 
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The freshly isolated peripheral blood B or T cells (1 x iu 

« . a n nmnared as described m Example 3). For 

• . , ^ ...rrtit^PMA* I0ng/ml)p usjonomycm(l jig/mlHbigma;. ror «i 
^^phorbolmyn^aceuae (PMA I / J ^^t^tG^W. 
nL .r)p r e,reat m e n t,Tce. lSW erec U l t uredfor3 Sfcys " * P ^ dw „ ibed above in 

- a«w? lieand. Anoptosis was determined using FACS analysis essentially as 
exposuretoApo.21.gand. Apopt nt i-CDI9/CD20 antibodies (Jackson Immunoresearch), and T 

^.^g^E^. ^^^^^^^^ 

8 expenments; T lymphocytes plus il ^ P» b=p<0.02 relative to the 

S^calanarysiswasr^edusingthestudentt-test. In Table 2. a=p<0.05 and b-p 

respective control. 

TABLE 2 _ 



Treatment 



P lYmp hocvtes 



T Ivpphocvtes 



none 
LPS 



none 

PMA/ionomycin 
1L-2 pretreatment 



% apoptotic cells 



Control 



40.1 ±4.1 
44.8 ± 2.8 



6.3 ± 0.6 
40.3 ± 4.4 
13.7 ± 1.2 



Apo-2L 



53.2 * 3.3 a 



55.9 ± 3.2 a 



8.2 ±0.8 

54.2±3.3 a 

34.5±4.8 b 



(l»l)l.Tl«I««««!«**<>«^' h «' ,re "' m "'" ,lbIL 
Hgand-induced death. 

FX AMPLE 7 

InHitritinn A^v.^n.F^o^niJijF^afl^ 

25 • i Mh, me diati nR thea«>ptoticactivit y ofApo-2l.gandby 

2 TNF receptors (TNF-R1 and TNF-R2), are involved m mediating the apop* 
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WO 97/25428 of inhibiting the apoptotic activity of puritted. soluble 

TOti „ g if solub.e f<^ of Aese ^Ptors a« enable of .nh.b,tmg 

Apo-2 ligand (described in Example 3) ^ ^ ^ mc<Jia ^ M Apo . 2 

9D ceH S were abated (5 x 10 ^ » ^^ciW control (25 

5 ^^^^^^^ 

(25 ^ml). SolublederivativesoftfKFas/Ap^. CD4 . lgG ^ produced as an IgG fusion 

proteinsasdescribedinAshKe^^ 

As shown in Figure 3C. none of the . $ 

ofFas/Apo-l and of TNF-R1 and TNF-R2. 

F X AMPLE 8 
«r a n/^-o i ieand mRN A Mamm alian Tissue^ 

15 (Pig.^HumanRNAblots.erehybndrzedtoa ^ ^ „ HEA47M (see Examp.e 

,igand C DNA,c,toa3W.edRNAp 

with the DNA probe, while human adult RNA blot MIT. i ^.^^ .oOmg^nL 

Blouweremcubatedwimmepr^ ^ 
20 — sheareds^on^ 

phosphorimagerfFuji). human tissues, Apo-2 ligand mRNA expression 

^eresultsareshown tnF^^ln ^ ^ 

25 wasdetectedmlung.li^ 

which is expressed primarily in T cells and testis [Nagataet a... s^nO- 

py AMPLE 9 

k.«r* „f on- of several chemotherapeutic agents, 
fortherexaminedinthepresenceorabsenceofoneofse cwcinom& , AT CC CCL 

The following human tumor cell lines were assayed. A549 (l g 

ATCC CCL 247); SW480 (colon adenocarcinoma, ATCC CCL 228), 
35 .85); HCT116 (colon carcmoma, ATCC CC ) ^ ^ ^ 

MDA231 (breast adenocarcinoma, ATCC hid »Trr HTB 4)' SK-N-AS (neuroblastoma, 

, • atCC HTB 33V T24 (bladder carcinoma, ATCC HTB 4), a* 
(cervical carcmoma, ATCC HTB 3 >' of these cel. lines express wild-type P 5 

Vto^mJiA****-* 5 ** $ ™ 0 " " 3 below The cells were plated at 2.5 x 10* 
W hile the omers do not due to mutations, as shown » Table 3 be.o . 
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celh/ml in 96 weU plates and incused ovem^-- THece chemo therapeu,ic agent 

was also added for 24 hours- cyclohexara.de ( CHX ) t»> PV 

^n,,; Phannacia). or 5-FU (6 ^««** ^ whh 0 . 5% crysla l-violet in 20% 

After 24 hours of -ncubauon the ce b ^ ^ 

roe thano.. Ce.l viability wasde.emmedbyelutmgthedyefromthe sta.ned 

(0 ,M citric acid in 50% methanol), and measuring absorbance a, 540 tun. 
The results are shown in the Table below. 

TABLE 3 



10 



15 




20 



25 



ii i;«^c /^rived from various tumor types 
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EXAMELEJ1 

colon carcinoma cells (ATCC CCL 247) o5ml/mouse 5-FU (Roche) was 

AC21 ™ rwi lUand^ere examined in tumor bearing nude m.ce, as 
anti-tumor effects of Apo- to* ^ ,00 

bribed in Examp, ... except that on Days . -I ^ ^ ^ injeeted WIth PB , 
^ml/mouse 5-FU was injected in^ton ally^ Con^. an m _ ^ ^ 

Tumorsize(mm2)wasU.enme a suredonDay $ 5.9.and .5. OnDay 15, th 

tumors excised and weighed (grams). These results show that Apo-2 ligand is capable 

T^sultsareshowninF.gurcsTandS. Tb-e«- fcy 

*#- <>t>a .vAii nc an anti-tumor eueci cvw ™« 
0 f aching the subcutaneous tumor sue and exerung ■ ^ .^.^ 

B intraperitoneal injection. Also, these resuUs confirm the ab.hty of Apo-2 .1 g 

WM*^^ ICE and cpp32 ^3ma play a ro,e in apoptos.s- 

To investigate whether proteases such as ICE and CP Hgand . induce d 

death proteases ICE and CPP32/Yama an apoptosis induction by 

invc * igat ei f ^ 

30 is involved in Apo-2 Hgand-induced apoptosis, an Apo-2 ligand function IMarsters et al., Current 

mutant form of FADD, (FADD-DN) [Hsu et a... and. -nhibns Apo-2 hg 

HcLa-S3 (ATCC CCL 22) c ^ ^ ^ 

(CnnAse^ce^edmRayc*^ 
35 ^299.308(1996)). ^ " W^d ce.ls were identif.ed 

by staining with phycoerythrm^onjugated ant-CD* antioooy 
analyzed by FACS essentially as described in Example 4 above. 
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The results are shown In Figure 9. CrmA blocked Apo-2 ligand-induced apoptosis, as well 
asapoptosis induced by anti-Apo-1 antibody. In contrast, FADD-DN had IHtleeffec, on Apo-2 ligand-induced 
apoptosis but blocked substantially the apoptosis induction by anti-Apo- 1 antibody. Accordingly, the assay 
resets suggest that Apo-2 ligand, TNFR1 and Fas/Apo- 1 may engage a common distal signalling pathway to 
activate apoptotic cell death. In particulate results suggest that p^ 

bc required for Apo-2 ligand induced apoptosis. In contrast. FADD is required force., death inducuon by 
TNFR1 and Fas/Apo-1, but not by Apo-2 ligand. 

f-VAMPLE 14 

A P^ratinn of a ptj- A P"-"> 1 ' ganri Antibodies 

Balb/c mice (obtained from Charles River Laboratories) were immunised by injecting I i% 
Apo-2 ligand (prepared as described m Example 3 and diluted in MPL-TDM adjuvant purchased from Ribi 
, m munochemical Research Inc., Hamihon, MT) ten times into each hind foot pad at I week intervals. Three 
days after the final boost injection, popliteal lymph nodes were removed from the mice and a smg.e cel. 
suspension was prepared in DMEM media (obtained from Biowhitakker Corp.) supplemented with .% 
penicillin-streptomycin. The lymph node cells were then fused whh murine myeloma cells P3X63AgU.l 
(ATCCCRL 1597)using35% polyethylene glycol p^oretal..CilLJn^ 

in 96-well culture pla.es. Hybridomas resulting from the fusion were selected in HAT medium. Tendaysafter 
the fusion, hybridoma culture supematants were screened in an ELISA IKim et a!.. } Immunol , Mrtl ., lSt* 
17 (1992)] to test for the presence of monoclonal antibodies binding to the Apo-2 ligand prote.n. 

In the ELISA, 96-well microtiter plates (Nunc) were coated by adding 50 * of 0.5 ^ml 
Apo-2 ligand (see Example 3) in PBS to each well and incubating at 4'C overnight. The plates were then 
washed three times with wash buffer (PBS plus 0.05% Tween 20). The wells in the microtiter plates were then 
blocked with 200 ^1 of 2% bovine serum albumin (BSA) and incubated at room temperature for I hour. The 
plates were then washed again three times with wash buffer. 

After the washing step, 50 * of 2 *g/ml of the Apo-2 ligand antibodies or 100 * of the 
hybridoma culture supernatant was added to designated wells. 100 * of P3X63AgU.l myeloma cel. 
conditioned medium was added to other designated wells as controls. The plates were incubated a, room 
temperature for 1 hour on a shaker apparatus and then washed three times with wash buffer. 

Next 50 „1 HRP-conjugated goat anti-mouse IgG (purchased from Cappel Laborator.es). 
dinned 1:1000 in assay buffer (0.5% bovine serum albumin, 0.05% Tween-20. 0.01% Thimerso. in PBS), was 
added to each well and the plates incubated for 1 hour a, room temperature on a shaker apparatus. The plates 
were washed three times with wash buffer, followed by addition of 50 * of substrate (TMB, 3.3-.5,5- 
tetramethylbenzidin; obtained from Kirkegaard & Perry, Gaithersburg. MD) to each well and incubat.on at 
room temperature for 10 minute, The rea«ion was stopped by adding 50 ,1 of stop solution (Kirkegaard & 
5 Perry) to each well, and absorbance at 450 nm was read in an automated microtiter plate reader. 

Hybridoma supematants (99 selected) were tested for activity to block Apo-2 hgand-mduced 
9Dcel.ki.ling. Activity was initially determined by examining %viabili V of ff eated9Dce..s using trypan blue 
dye exclusion. 
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Blocking activity was also confirmed by "Co analyse 
, „ „ comolete RPMI media (RPMI plus ,0%FCS. g.utBmine. nonessential ammo ac,ds, 
were suspended in complete WMi meoia 

• on „iic The macrotiter plates were incubated overnight at 37 e ana mm H 
wells containing 9D cells,. The macroroer P viab il irv of the cells was 

ro The incubated ceUs were then harvested and washed once w,th PBS. The vmbihry of tn 

T 2 L b7 staining of HTC-annexin V binding to phosphatidyls^ according U> manufacturer 
dlnXtel) rne^werewash^inPBSandresuspendedin.OO^indingbufTe, Ten 
recommendations (Clontecn). incubation for 

, 0 ^ofannexin-V-FITCCWmOandlO^ofpropidium.odu.ewereaddedtothecells. A 

i < minutes in the dark, the 9D cells were analyzed by FACS. 

E^poteruialblc^^ 
identified and were further cloned (twice) by limiting dilution techniques. 

FACS analysis of four antibodies, referred to as monoclonal antibodies 1 D 1 , 2G6, 2E 1 1 , and 

15 5C2 isH.ustratedmFigure^Asmd^ 

hybndomaslDI .l2-4.zuo.j- . apop ioiic cells above the 

me ATCC).The9Dcens^«edwimtheAr^2hgand(^leftf.gure)showed50/. pop 

untr ea t ed,co„ t ro,ce, IS ( t opri E htfigure).T 1 ,e9DceU S treated -^^«*»" , ^°^ 

W ,Dlant*odiesshowedO^^^^^ 
20 r h eseresulushowthatme5C 2( 2E„ and 2G6 antibodies are blowing anUbod.es whifcthe ID, ant.body 

1-blocking.tibody. *^-^^^-^^ fc STt^^ 

werecoatedwi,h2„r^^ 

724(,984)).T N F.a.pha(Ge„e„«ech.,n,. S eealso.Pennic a etal.«^ 
25 ZL^.^34 5 -2354(,98 5 )).orA P o-21iga„d(seeE X amp,e3). Monoclona, antibod.es ,D., 

2G6 2E11 and 5C2 were tested at a concentration of 10 Aig/ml. - 

' The resuhs of the assay are shown in Figure 11. The data in Figure „ shows the 

monoclonal antibodies 2G6, 2E1 1 and 5C2 Bre specific for Apo-2 ligand, while monoclonal antibody 1D1 

showed weak cross-reactive binding to lymphotoxin and to TNF-alpha. 



30 



b Limping 

Theisoryr^of^DUG^EU.andS^^ 

determinedbycoatingmicrotiter plates ^W^^****^*^^"*^ 
^overnightat^C. The plates were then washed with wash buffer as described above. The wells ,n the 
pL were then blocked with 200 * of 2 % bovine serum album, and incubated a, room 
35 temperature for 1 hour. The plates were washed again three times with wash buffer. 

Nex, .00 pi of 5 ^mtl of the purified Apo-2 ligand antibodies or ,00 of the hybndoma 

,. . ,„ ,. esU , natea wells The plates were incubated at room temperature for 30 
culture supernatant was added to designatea wens. 

,„r i** rWribed above) was added to each well, 
and then 50 „l HRP-conjugated goat anti-mouse IgG (as described above, 



minutes ; 
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Hie plates viae incubated for JO minutes at room temperature- The level of HRP bound to the plate was 

the 2E! 1 and 5C2 antibodies are 1gG2a antibodies, 

q f i Xt U 'W rapping 

Epitopem W tr*w.>,~f<^»^ 

• c ntates were read at 490 nm with an ELISA plate reader. 

^.as.ff-l.e.vu*^ by »— — *■ — 

The regi™ of ft. Apo-2 li** twwOrf b, <— *' ««»*>»>*»' 

«*»» h, Fig IA1 in - ELISA as described in Chuntharap* e, ^ Lbnm»«LlS2.17.3.1 J» (WW. 

amino acid residues 192-204 of Apo-2 ligand. 



assayed 

20 



25 
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12301 Parklawn Drive. Rockville, MD, USA (ATCC): neoosj^at* 

C*X* ^ M03..996 

2935-pRK5-hApo-2L- CRL-12014 

myc clone 2.1 



1D1.12.4 
2G6.3-4 
2E11.5.5 
35 5C2.4.9 
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=EE£=^= ===== 

as a license to practice the invention in contravem.cn of the nghts granted 

l ne lorego b »~ construct deposited, 
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SEQUENCE LISTING 

(i) GENERAL INFORMATION: 

(i) APPLICANT: Genentech, Inc. 

(ii) TITLE OF INVENTION: Apo-2 Ligand 

5 (iii) NUMBER OF SEQUENCES: 8 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Genentech, Inc. 
<B) STREET: 460 Point San Bruno Blvd 
(C) CITY: South San Francisco 
10 <D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94080 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: 3.5 inch, 1.44 Mb floppy disk 
15 (B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 
{D} SOFTWARE: WinPatin (Genentech) 

(vi) CURRENT APPLICATION DATA: 
(A) APPLICATION NUMBER: 
20 (B) FILING DATE: 

(C) CLASSIFICATION: 

<vii> PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: 08/584031 

(B) FILING DATE: 09-JAN-1996 

25 (viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: Marschang, Diane L. 

(B) REGISTRATION NUMBER: 35,600 

(C) REFERENCE / DOCKET NUMBER: P0978P1PCT 

(ix) TELECOMMUNICATION INFORMATION: 
30 (A) TELEPHONE: 415/225-5416 

(B) TELEFAX: 415/952-9881 

(C) TELEX: 910/371-7168 

(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 281 amino acids 

(B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

Met Ala Met Met Glu Val Gin Gly Gly Pro Ser Leu Gly Gin Thr 
40 1 5 10 15 

Cys Val Leu lie Val He Phe Thr Val Leu Leu Gin Ser Leu Cys 
20 25 30 

Val Ala Val Thr Tyr Val Tyr Phe Thr Asn Glu Leu Lys Gin Met 
35 40 45 

45 Gin Asp Lys Tyr Ser Lys Ser Gly He Ala Cys Phe Leu Lys Glu 



50 55 

rrp 
65 



Asp Asp Ser Tyr Trp Asp Pro Asn Asp Glu Glu Ser Met Asn Ser 
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Pro Cys Trp Gin V.l Ly. Trp Gin Leu Arg Gin Leu Val Arg Lys 



80 

Met lie Leu Arg Thr Ser Gl« Glu Thr II. Ser Thr Val Gin Glu 

Lys cm Gin Asn He Ser Pro Leu Val Arg Glu Arg Gly Pro Gin 

y 110 liD 

Arg val Ala Ala His He Thr Gly Thr Arg Gly Arg Ser Asn Thr 

Le u Ser Ser Pro Asn Ser Lys Asn Glu Lys Ala Leu Gly Arg Lys 

Trp Glu Ser Ser Arg Ser Gly His Ser Phe Leu Ser 



10 



He Asn Ser 



155 



160 



He Lys Glu Asn - - 2Q5 



20 



Rsn Leu His Leu Arg Asn Gly Glu Leu Val He His Glu Lys Gly 
170 L,D 

15 Phe Tyr Tyr He Tyr Ser Gin Thr Tyr Phe Arg Phe Gin Glu Glu 

185 

Thr Lys Asn Asp Lys Gin Met Val Gin Tyr lie 
200 

Tyc Lys Tyr Thr Ser Tyr Pro Asp Pro lie Leu Leu Met Lys Ser 

215 22U 

Ala Arg Asn Ser Cys Trp Ser Lys Asp Ala Glu Tyr Gly Leu Tyr 

230 z ^ 

Ser lie Tyr Gin Gly Gly He Phe Glu Leu Lys Glu Asn Asp Arg 

245 2bU 

25 lie Phe Val Ser Val Thr Asn Glu His Leu lie Asp Met Asp HI. 

260 2bb 

Glu Ala Ser Phe Phe Gly Ala Phe Leu Val Gly 

(2) INFORMATION FOR SEQ ID NO: 2: 

30 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1042 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY : Linear 



35 



<xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 
TTTCCTCACT GACTATAAAA GAATAGAGAA GGAAGGGCTT CAGTGACCGG 50 
CTGCCTGGCT GACTTACAGC AGTCAGACTC TGACAGGATC ATGGCTATGA 100 
TGGAGGTCCA GGGGGGACCC AGCCTGGGAC AGACCTGCGT GCTGATCGTG 150 
ATCTTCACAG TGCTCCTGCA GTCTCTCTGT GTGGCTGTAA CTTACGTGTA 200 
40 CTTTACCAAC GAGCTGAAGC AGATGCAGGA CAAGTACTCC AAAAGTGGCA 250 
TTGCTTGTTT CTTAAAAGAA GATGACAGTT ATTGGGACCC CAATGACGAA 300 
GAGAGTATGA ACAGCCCCTG CTGGCAAGTC AAGTGGCAAC TCCGTCAGCT 350 

-47- 
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CGTTAGAAAG ATGATTTTGA GAACCTCTGA GGAAACCATT TCTACAGTTC 400 
AAGAAAAGCA ACAAAATATT TCTCCCCTAG TGAGAGAAAG AGGTCCTCAG 450 
AGAGTAGCAG CTCACATAAC TGGGACCAGA GGAAGAAGCA ACACATTGTC 500 
TTCTCCAAAC TCCAAGAATG AAAAGGCTCT GGGCCGCAAA ATAAACTCCT 550 
GGGAATCATC AAGGAGTGGG CATTCATTCC TGAGCAACTT GCACTTGAGG 600 
AATGGTGAAC TGGTCATCCA TGAAAAAGGG TTTTACTACA TCTATTCCCA 650 
AACATACTTT CGATTTCAGG AGGAAATAAA AGAAAACACA AAGAACGACA 700 
AACAAATGGT CCAATATATT TACAAATACA CAAGTTATCC TGACCCTATA 750 
TTGTTGATGA AAAGTGCTAG AAATAGTTGT TGGTCTAAAG ATGCAGAATA 800 
TGGACTCTAT TCCATCTATC AAGGGGGAAT ATTTGAGCTT AAGGAAAATG 850 
ACAGAATTTT TGTTTCTGTA ACAAATGAGC ACTTGATAGA CATGGACCAT 900 
GAAGCCAGTT TTTTCGGGGC CTTTTTAGTT GGCTAACTGA CCTGGAAAGA 950 
AAAAGCAATA ACCTCAAAGT GACTATTCAG TTTTCAGGAT GATACACTAT 1000 
GAAGATGTTT CAAAAAATCT GACCAAAACA AACAAACAGA AA 104 2 
15 (2) INFORMATION FOR SEQ ID NO: 3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 390 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS : Single 
20 (D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 3: 

GGGACCCCAA TGACGAAGAG AGTATGAACA GCCCCTGCTG GCAAGTCAAG 50 

TGGCAACTCC GTCAGCTCGT TAGAAAGATG ATTTTGAGAA CCTCTGAGGA 100 

AACCATTTCT ACAGTTCAAG AAAAGCAACA AAATATTTCT CCCCTAGTGA 150 

25 GAGAAAGAGG TCCTCAGAGA GTAGCAGCTC ACATAACTGG GACCAGAGGA 200 

AGAAGCAACA CATTGTCTTC TCCAAACTCC AAGAATGAAA AGGCTCTGGG 250 

CCGCAAAATA AACTCCTGGG AATCATCAAG GAGTGGGCAT TCATTCCTGA 300 

GCAACTTGCA CTTGAGGAAT GGTGAACTGG TCATCCATGA AAAAGGGTTT 350 

TACTACATCT ATTCCCAAAC ATACTTTCGA TTTCAGGAGG 390 

30 (2) INFORMATION FOR SEQ ID NO:4: 

(i) SEQUENCE CHARACTERISTICS: 
<A) LENGTH: 60 base pairs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 
35 <D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:4: 
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TGACGAAGAG AGTATGAACA GCCCCTGCTG GCAAGTCAAG TGGCAACTCC 50 
GTCAGCTCGT 60 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 
5 (A) LENGTH: 60 base paxrs 

(B) TYPE: Nucleic Acid 

(C) STRANDEDNESS: Single 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 
,0 GGTGAACTGG TCATCCATGA AAAAGGGTTT TACTACATCT ATTCCCAAAC 50 
ATACTTTCGA 60 

(2) INFORMATION FOR SEQ ID NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 13 amino acids 
15 (B) TYPE: Amino Acid 

(D) TOPOLOGY: Linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 6: 

Ser Met Glu Gin Lys Leu lie Ser Glu Glu Asp Leu Asn 
I 5 10 

20 (2) INFORMATION FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

Lys Tyr Ala Leu Ala Asp Ala Ser Leu Lys Met Ala Asp Pro Asn 
1 ^ 

Arg Phe Arg Gly Lys Asp Leu Pro Val Leu Asp Gin 
20 25 

30 (2) INFORMATION FOR SEQ ID NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 24 amino acids 

(B) TYPE: Amino Acid 
(D) TOPOLOGY: Linear 

35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 



Met Gly His His His His His His His His His His Ser Ser Gly 
j 5 

His He Asp Asp Asp Asp Lys His Met 
20 24 
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WHAT IS CLAIMED IS: 

1 . Isolated biologically active Apo-2 ligand comprising amino acid residues 1 1 4-28 1 of Figure 

1A. 

2. The Apo-2 ligand of claim 1 comprising amino acid residues 4 1 -28 1 of Figure I A. 

3. The Apo-2 ligandof claim 2 comprising amino acid residues 15-281 of Figure 1A. 

4. The Apo-2 ligand of claim 3 comprising amino acid residues 1-281 of Figure 1 A. 

5. Isolated biologically active Apo-2 ligand having amino acid residues 1 -28 1 of Figure 1 A. 

6. Isolated biologically active Apo-2 ligand having at least about 80% sequence identity with 

either of: 

(a) the full-length native human Apo-2 ligand comprising amino acid residues 1-281 
of Figure 1A; 

(b) the extracellular region of native human Apo-2 ligand comprising amino acid 
residues 4 1 -28 1 of Figure 1 A; or 

(c) the extracellular region of native human Apo-2 ligand comprising amino acid 
residues 114-281 of Figure 1A. 

7. The Apo-2 ligand of claim 6 wherein said ligand has at least about 90% sequence identity 

with either of (a), (b), or (c). 

8. The Apo-2 ligand of claim 7 wherein said ligand has at least about 95% sequence identity 

with either of (a), (b), or (c). 

9. A chimeric polypeptide comprising the Apo-2 ligand of claim I fused to a heterologous 

polypeptide sequence. 

10. The chimeric polypeptide of claim 9 wherein saidheterologous polypeptide sequence is a tag 
polypeptide sequence. 

1 1 . Isolated nucleic acid encoding Apo-2 ligand. 

12. The nucleic acid of claim 1 1 wherein said nucleic acid encodes Apo-2 ligand comprising 
amino acid residues 1 14-28 1 of Figure I A. 

13. The nucleic acid of claim 1 1 wherein said nucleic acid encodes Apo-2 ligand comprising 
amino acid residues 41-281 of Figure 1A. 

14. The nucleic acid of claim 1 1 wherein said nucleic acid encodes Apo-2 ligand having amino 

acid residues 1-281 of Figure I A. 

15. A vector comprising the nucleic acid of claim 1 1 . 

16. A host cell comprising the vector of claim 15. 

17. A method of producing Apo-2 ligand comprising culturing the host cell of claim 16 and 
recovering the Apo-2 ligand from the host cell culture. 

1 8. A composition comprising Apo-2 ligand and a pharmaceutically-acceptable carrier. 

19. The composition of claim 1 8 wherein said Apo-2 ligand comprises amino acid residues 1 14- 
281 of Figure 1A. 

20. A composition useful for stimulating mammalian cell apoptosis comprising an effective 
amount of Apo-2 ligand in a pharmaceutically-acceptable carrier. 
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21. A method of inducing apoptosis in mammalian cells comprising exposing mammalian cells 
to an effective amount of Apo-2 ligand. 

22. A method of treating a mammal having cancer, comprising administering to a mammal 
diagnosed as having cancer an effective amount of Apo-2 ligand. 

23. The method of claim 22 wherein said cancer is breast cancer or colon cancer. 

24. An article of manufacture, comprising: 
a container, 

a label on said container; and 

a composition contained within said container; 
wherein the composition includes an active agent effective for inducing apoptosis, the label on said 
container indicates that the composition can be used to induce apoptosts, and the active agent in said 
compositioncomprises Apo-2 ligand. 

25. The article of manufacture of claim 24 further comprising instructions for administering the 
Apo-2 ligand to a mammal. 

26. An antibody which binds to Apo-2 ligand. 

27. The antibody of claim 26 wherein said antibody is a monoclonal antibody. 

28. The antibody of Claim 27 having the biological characteristics of the 1DI monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC . 

29. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 1DI monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

30. The antibody of Claim 27 having the biological characteristics of the 2G6 monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC . 

31. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 2G6 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

32. The antibody of Claim 27 having the biological characteristics of the 2E1 1 monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC . 

33. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 2EH monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

34. The antibody of Claim 27 having the biological characteristics of the 5C2 monoclonal 
antibody produced by the hybridoma cell line deposited under American Type Culture Collection Accession 
Number ATCC . 
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35. The antibody of Claim 27 wherein the antibody binds to the same epitope as the epitope to 
which the 5C2 monoclonal antibody produced by the hybridoma cell line deposited under American Type 
Culture Collection Accession Number ATCC binds. 

36. A hybridoma cell line which produces the antibody of Claim 27. 

37. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

38. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

39. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 

Number ATCC . 

40. The hybridoma of Claim 36 comprising American Type Culture Collection Accession 
Number ATCC . 

41. A non-human, transgenic animal which contains cells that express nucleic acid encoding Apo- 

2 ligand. 

42. The animal of claim 4 1 which is a mouse or rat. 

43. A non-human, knockout animal which contains cells having an altered gene encoding Apo-2 

ligand. 

44. The animal of claim 43 which is a mouse or rat. 
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1A 

1 rrTCCTCACTCACTATAAAACAATAGACAAGCAAGGCC7TCACTCAC: ;CCTCCC7CCCTCACTTAC A.~C AC TO ^CACT-.'T ;\'. ACCA~C 

»1 ATCCCTATCATCCAC'CTCCACCCCCCACCCACCC7CCCACA:ACCT5rCTCCTCATCCTCATCTTCiOV.T-:':TCr-.U''A*-T-- -~ 

1 K«C Ai<H«cM€CCtuVlC)oC,lyClrProS<fLtur.lyClr. ?hrCyf V< lieu 1 1«V« U lo PlicTtirV* I UuLfuOln:-.-^ .*..-^ 

l f } s T ?f?^ TAA 5n Ac s T 9i ACT ™ ccAAccAccTM ^ - *r . « 

* * V*l AI«ValThrTyrVlTyrPti»ThrA»n CluLeuLytCtnM«tClnA«pLviTvrSorLv«ScrCtvri cA I *Cy » PhcLiuiyJ-rj 

3 !J ? AT ? A CACTTATTCCCACCCCAATCACCAACACACTATCAACACCCCCTCCTCCCAACTCAACTCCCAACTCCCTCACCTCCTT* ri tr 

41 -%»pA»pS«rTyrTrpAipProA»nAspCluCluS€rHciAtnS«rProCy*TrpC!r»Va ILyiTrpClnLeuArqClnL^uvi lArgCy* 

fl KecXt«L«uAr9ThrS«rCluCiuThrIl«S«rThrV«lGlnGUt-yiGl^^ 

1 1 i ACA S TA ?? A ??^ ACA T AACTM0ACCACACCAACA ^ 

HI «rflVAiAl*Al«Hi«Ii»ThrClyThrArgClyAro$«rA«iiThrL«uS«rSef ProA«nSerty»A*nCiuLv*Al*UeuClyi7iL?i 

it} ?? AAAC ! C ^ C ^ AATCATCAACCA< ^ CCCCAW 

1S1 ileAsnS«rTrpClu5«r5*rArgS«rGlyHi«£crPh*L«uSerA*nL«uHtftLcuAr9A«tiCtyCiuL«uV4 1 : I «H i tGlwwyiC?-/ 

*3X TTTTACTACATCTATTCCCAAACATACTTTCCATTTCACCACCAAATAAAACAAAACACAAACAACCArAAACAAATCCTCCA^-A^ATT 

ltX ?h«TyrTyrll«TyrS«rClnThrTyrPh«ArpPh«ClnCiuClun*Ly«CluA«f\ThrLy*A».»^ip^y«Glr.M«tVfllcirTyr : le 

I? J JAC AA ATAC AC AACTTATCCTCACCCTATATTCTTC ATCAnAACTCCTAC A A AT AGTTCTTCCTCTA A^C ATCC ACAsATATC v - C7C7A7 

211 TyrLytTyrThrSerTyrProAspProI ULtuLcuMcayiStrAUArgAinStrCytTrpSci Ly *A hia; *C I tTy rG : v-cuTy r 

• 11 "C ATCTATCAACCCCCAATATTTCACCTTAACCAAAATCACACAATTTTTCTTTCTCTAAC A AATCA.CC ACTT I* AT ACAC A T ^CA~-" 
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